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BY THE TRANSLATOR* 



1 HE question whethei* the formation of 
basalt is to be ascribed to the agency of 
tvater or of heat, has long been agitated 
among the mineralogists of the Continent ; 
those who maintain its igneous origin be- 
ing commonly denominated Vulcanists or 
Volcanists, while the title of Neptunists 
has been bestowed oil their opponents. 
The former consider the conical summits 
of basaltic hills as the craters of extinct 
volcanoes, and the tabulat 6v columnar 
masses of basalt, as the reniains of lavas 
which have flowed from them. The Nep- 
tunists, on the other hand, contend, that 



basalt, have been produced by the actk 
oi' volcamc fire. It has indeed been al- 
leged, that he has changed his opinions 
to a much greater extent, and now con- 
siders all basalt as of igneous origin. 
This, however, seems to be a mistake : it 
is possible that he may not now agree with 
A\' erner in considering volcanoes as confin- 
ed to the Newest Flcetz-trap formation ; 
but his conviction concerning the aqueous 
origin of the basalts of Saxony appears 
to remain- unshaken*. 

In Scotland, a more general question, 
involving the problem of the igneous or 
aqueous origin of basalt, has of late years 
been keenly debated between the support- 
ers of the theory of tlie late ingenious Dr 
HuTT.oN of Edinburgh, and the disciples 
of the Freyberg Professor. The Hutlonian 
theory, however, differs, in certain particu- 
lars, very materially from the Volcanic ; 
and these variations are of such a nature, 
as to furnish the advocates of Dr Hut- 
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PREFACE. IX 

tort's opinions with answers which are 
more than plausible, to arguments that are 
quite conclusive against the Volcanist. By 
the former theory, for example, it is not 
necessary, in order to account for the pre- 
sence of basalt, to search for the ruins of 
a crater from whence that substance may 
have been ejected^ or to trace the remains 
of an ancient current of lava ; for it is not 
supposed by that theory, that every ba- 
saltic hill is an extinct volcano : basalt is 
considered as the product of a fusion which 
took place " deepin thebowels of the earth,"' 
or ** several miles under the surface of the 
ocean *,"' where not only the access of at- 
mospheric air was prevented, but a degree 
of compression existed, sufficient to hinder 
the escape of elastic fluids ; so that the melt- 
ed substance might remain quite compact 
or free of pores, and calcareous matter 
might be exposed to great heat without be- 
ing converted into quicklime,^— or bitumi- 
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* lUustratitms of the BiUtonian Thtwjfj 8vo, pfi, 91, 



nous matter without being changed to coke. 
Basalt is thus supposed to be a kind of 
'* subterraneous or unerupted lava," pro- 
duced by the action of heat under a great 
degree of pressure. The followers of Dr 
Huttoi), therefore, as remarked by Mr 
Playfair, are rather to be viewed as J*1ut 
tonists than Volcanists. 

It being a preliminary, indispensable tq 
any argunient concerning the origin of Bai 
salt, that the meaning of the term shouhj 
be determined with precision, the author 
of the following memoir has devoted tq 
-that object, one of his introductory sec^ 
tions. For this determination, in the pre- 
sent state of mineralogical science, it woultj 
appear that it is only rocjuisite to attend 
to the character of the mineral species 
entitled Basalt in the system of Werner ; 
the arrangement of that eminent na- 
turalist, so far at least as rocks are con- 
cerned, having justly superseded every 
other. There is reason, however, to ima- 
gine, that too little attention has often 
been paid to the method by which Werner, 
jn the establishment of his species, has 
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flupplied the want of that individuali- 
ty of character which so greatly facilitates 
the arrangement of animals or plants. 
In Werner's method, the principle of spe- 
cification is founded, not on any selection 
of the appearances or properties of mine- 
rals, but on the suite of external charac- 
ters which they present, all of which are 
.to be attended to in the discrimination 
of the species^ It is evident, therefore, 
that, for their correct determination, a^ite 
4)/ specimens is indispensable ; of specimens 
shewing the different appearances of the 
rock, or taken from different parts of the bed 
or vein which it constitutes. It may very 
easUy happen, that, in small detached spe- 
cimens, it may be difficult to point out 
the difference between rocks which, on the 
great scale, are perfectly distinct ; between 
grey-wacke, for instance, and some varie- 
ties . of sandstone, mica-slate and gneiss, 
or between sienite and granite : But the 
examination of a suite of specimens can 
scarcely fail to remove every difficulty. 
It may further be observed, that although 
Werner has depended principally on the 
external characters, he does not, for the 
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determination of his species^ confine him- 
self to them alone ; but likewise employs, 
.particularly what he terms the geognostic 
character J that is, the relation in respect to 
position, which the mineral bears to the ac- 
companying substances : And Professor 
Jameson remarks, that the geognostic cha- 
racter is very important, and regrets that 
it has hitherto been so little attended to *r. 

While, therefore, we have the evidence, 
not only of the Volcanists above named, 
but of Von Buch and Daubuisson of the 
Wernerian school, that a substance com- 
pletely resembling basalt may be produced 
by a volcano ; it is not to be inferred de- 
cisively, from any thing at least advanced 
by the last-mentioned authors, that if a 
suite of specimens be examined, and espe- 
cially if reference be also had to the geo^ 
gnostic character, the true nature of the 
substance mq^y not be determined. It 
may thus.be very true, that if particular 
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Specimens, taken from the Vesuvian lava 
of 1794, (remarkable for its similarity 
to basalt,) or from the extinct volcanoes 
of Auvergnfe, be compared with parti- 
cular specimens from the basaltic sum- 
mits of Germany or Scotland, no difference 
shall appear, sufficient to enable us to dis- 
criminate between them, far less to point 
out their distinctive specific characters. 
But it is evident that the rules laid down 
by Werner, will not, in this instance, have 
been complied with: and if we have re- 
course to a series of characters, illustrated 
by a suite of specimens, it can scarcely 
happen^ that a practised mineralogist will 
find difficulty in distinguishing the true 
basalt of Werner from the hasaUic lava of 
Vesuvius, Auvergne, or any other vol- 
canic country. If, further, the geognostic 
character of the substance be ascertain- 
ed, all difficulty must in general cease ; 
and, in a strictly correct view, we caff- 
not even speak of the Basalt of Wer- 
ner without having reference to its natu- 
ral alliances. 

The chain of r^aspnip^ by which ^he 
f olution of the question respecting the ori- 



giu of basalt, is connected with the genC 
ral theory of the earth, appears to be the 
following. — If basalt be any where ob- 
served gradually to pass into other mine- 
rals, the aqueous origin of which, is not 
disputed ; if it any where exhibit evident 
marks of stratification, or alternate with, 
and pass into rocks of a distinctly stra- 
tified structure, or which contain petrifac- 
tions ; no doubt can remain concerning 
its origin in that particular instance : and 
if it be shewn that, universally, the basalts 
of every region of the globe agree in cha- 
racters,and in gcognostic relations,it seems 
impossible to refuse to assign to all of tliem 
a common origin. 

It is admitted bythedistinguishedaufJbor 
of the Illustrations of the Huttonian Tlie- 
ory*, that the origin of Basalt, Greenstone, 
Amygdaloid and Wacke must be the same, 
the change from the one substance to the 
other beiug made through a scries of in- 
sensible gradations. In the following me- 
moir, the gradual passage of the rocks com- 
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posing the trap suite in general into each 
other, is ^established ; of clay into wacke ; 
W£|Cke into basalt and amygdaloid ; or of 
^i^lateirolay into Lydian^stone, and of this in- 
tobasalt; of basalt intogreenstone or green^ 
itonerporphyry ; and of greenstone into 
dinkstonfe-^oirphyry. In this vievr, the 
question is not merely about basalt, but in-* 
eludes the originof alltherocjcsnowenume-r 
rated ; and these, grouped together in the 
manner here stated, are diffused as widely 
over the crust of the globe as the most dis- 
tinctly stratified tocks, sandstone and lime- 
stone, which are universally admitted to 
be of 9E<lueous fomration : And it may be 
^^dded, that limestone passes gradually iur 
to wacke, in the trap-^tuflf of Fifeshire ; 
^nd that quart^y^sands tone passes in the 
same way into greenstone, ^t Salisbury 
(Craig ne^r Edinburgh, 

With these distinctly stratified rocks, 
basalt and' greenstone, in beds of great ex- 
^tent,i»iid ) uniform thickhess. throughout, 
.«e sometimes observed to alternate : a 
Jact .exjitaanied' by the Volcanists, by sup- 
positigf that Yo|caiiic.^pticHDfi ^nd siibt! 



marine deposites have taken place al- 
ternately ; and whicli the Huttoniaus ac- 
count for, by alleging that the basalt or 
greenstone have been forcibly interposed 
between the beds of sandstone or limestone 
subsequently to tkei?- formation. But it 
not unfrequently happens, that basalt and 
greenstone, considered separately, exhibit 
marks of stratification ; and when this is 
the case, even Faujas St Fond admits that 
they must have had an aqueous origin. 



Professor Jameson, in his Lectures, has 
recently stated some new views on stratifi- 
cation, as connected with trap-rocks. He 
observes, that in some of these, small por~ 
tions of limestone, slate-clay, and quartzy- 
sandstone occur, so intermixed, as to prove 
the simultaneous formation of the whole : 
in other cases, portions of limestone and 
slate-clay assume the form of small alter- 
nating layers, in the trap ; and it not un- 
frequently happens, that beds of limestone, 
slate-clay, and clay-ironstone, several hun- 
dred yards in extent, may be observed al- 
ternating with each other, but still includ- 
ed in one vast bed of trap ; the whole a^- 
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Semblage, consequently, in Mr Jameson's 
opinion, is to be considered as of contem- 
poraneous origin, or the result of a single 
deppsition .^^'i . 

Mr Daurbuisson proves ftom different 
striking fact^ and appearances, that basalt 
must have been deposited from above: 
he remarks, that the crystals of olivine, 
augite, and other substances considered as 
extraneous,^re.in genei?il equally and uni- 
formly dispersed through- the mass of the 
basalt,-'--a thing not likely to have hap- 
pened in a confused and violent erup-^ 
tion: and he shews that basalts brought 
from, countries the most remote, are per-r 
fectly similar in character, and contain the 
same kind of ingredients ; w^hile the lavas 
even of contiguous volcanoes diflfer very 
materially in character and in constituent 
parts- 

♦ * In this view, the sixty-five alteiDating beds entl- 
meratedinl^ote F. pp. 217r— 2S0* as occurring on the 
cpast of Fife, ma^ poss|bIy ,be reduced to a few, or even 
to one great cohte^ 
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Having given a very general viewof tirt? 
important questions illustrated and discus- 
sed in the following memoir ; I shall sub- 
join a brief account of the author *. 

MrC. F. Daubuisson is a native of the 
south of France, and nearly related to the 
celebrated General Anduf.ossi, formerly 
Ambassador to the Court of Britain. He re- 
ceived the rudiments of liis education in 
France, and was early distinguislied for the 
extent and accuracy of his mathematical 
knowledge, and the acuteness of his views 
in otlicrbranchesof science. He alter wards 
resided upwardsof sis years in the Elector 
rate of Saxony, and diligently studied nii-< 
neralogy and the art of mining at Frey- 
berg, under AVerner. To the latter study 
in particular, in all its branches, both of 
theory and practice, he devoted a very 



• For whatever information I possess concerning the 
Author, I am indebted to the friendly commumcationx 
rf Professor JiUKSoii, who spent several years at Fny 
berg, and was personalljr acquainted witUum. 



1 



considerable portion of his time, and with 
such remarkable success, that when, in 
1802, he left Frejberg, a place which may 
be r£fgard^ a» the metiibpolisr of miners, he 
was consideted ias thoroughly informed in 
that art# Being fully convinced of the 
importance of a knowledge of mineralogy 
m the practkei of niining, he devoted him- 
self also to that science, with his charac- 
teristicVzeal and ardour ; and, after some 
years of con^taiil application, in the leC- 
ture-room, the closet, and the field, proved 
himself well entitled to the appellation of 
a skilful mineralogists 

• The firstmineralogidalessays of Mr Dau- 
buissour were published in the Journal de 
Physique during his residetice at Freyberg* 
These were principally descriptions of 
simple minerals, and of rocks, drawn up 
from the lectures of Wemerj and were pro- 
bably intended merely to make his coun- 
trymen better acquainted with the system 
of that mineralogist. At this time, also, he 
eontfibuted liberally to the System of Mi- 
neraldgy of Urocu Ay t; then printing at 
t And na trarislatioii having appear-^ 
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ed in France of Werkeu's Treatiie an 
Veim^ first printed in 1 791, he published 
at Frejberg, in the year 1801, under the 
immediate inspection of the author, an ex* 
cellent translation of that valuable work. 

In the year 1802, while he was still in 
Germany, but on the eve of leaving Sax^ 
ony, he published at Leipsic, in 3 vols. 
8vo., an Account of the Mines of Frey^ 
berg; — unquestionably one of the most 
agreeably written and popular books on 
the art of Mining, that has hitherto ap- 
peared. 

Soon after his return to France, he 
made several journeys into the different 
departments of that empire, with the view' 
of making himself acquainted with thc^ 
practice of mining in his native country^ 
Duringtheseexpeditions,he acquired mucL* 
information concerning the French prac-*- 
tice, and communicated to the Directors o^ 
Mines his views of the superior advati- 
tages of the German system of mining, ^^ 
eonducted by Werner, to whom Europe 
is highly indebted for the improvemer*^ 



of this art. On his return, he drew up 
descriptions of several of the French 
mines, which are iniSerted in the Jour hat 
des Minesi His descriptions of those of^ 
Huelgoat and PouUaioiien are excellent, 
and maj serve as models for similar re^^ 
ports. f 

He had been appoin?ted to one of the 
Inferior situations in the mining depart- 
ment; but his merits having been thus 
speedily disclosed, he soon rose to the high 
rank of " Ingeinieur en chef au Corps Im- 
perial des Mines/' 

He appears always to have been warm- 
ly attached to the Wernerian orifctognostic 
System, having written several papers ex- 
pressly in explanation and support of 
it, in different periodical works *. 

■ 

He has also stood forward as the cham-a' 
pion of his Master, in answer to an attack 



* Particularlj in the Journal de^ Phystfue,t. 64. 8r 
60; y and Annak9 d^ Chimu, t. 67* & 63. 
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of Mr Chenevix. That distinguished 
chemist, after speiiding about a year at 
Freyberg, in the study of mineralogy, ap- 
pears to have taken a disgust at the Ger- 
manSy and, in different French and Eng- 
lish Journals, amused himself with decrying 
them, both as a nation and as philosophers. 
A principal attack was levelled against 
Werner and his mineralogical system, and 
the passages ott which it was founded, 
were chiefly attempted to be derived from 
the writings of Daubuisson. This called 
forth from our author a spirited answer *, 
in which he proved that Mr Chenevix had 
both misunderstood and misquoted Wer- 
ner, and had thus the merit of erecting 
himself^ the fabric which he had under- 
taken to destroy. 

Fully aware of the importanee to geo- 
logy of an accurate measurement of 
heights, particularly by means of the ba- 
rometer, Mr Daubuisson examined the 
various methods at present employed irt 
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sudh mensurations, and has given his views 
BVL this subject, in an excellent paper in 
the Journal de Physique for 181 0* 

His geognoitical memoirs, although few 
in number, are valuable. They are all 
contained either in the Journal de Phy^ 
$ique, or the Joutnal des Mines. Perhaps 
the best is that entitled, " Statistique mi- 
neralagique du department de la Loire," 
in the latter Journal fat April 1811. 

Mr Daubuissdh has Ia:tcly published in 
France several accounts of simple mine- 
rals. One of the most important is 
" on the hydrate of iron considered as 
51 ntineral species/' Another, scarcely 
less curious, is on Clay-slate ; in which we 
have the first analysis jAiblished of that 
important mineral 

The " Memoir on the Basalts of Sax-^ 
ony,'' of whicih a translation is rioAV laid 
before the public, was read before the Na- 
tional Institute in July 1803, and publish-* 
cd soon afterwards as a detached volume. 
In 1804, the axithor read before the Instil 

b2 
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tute, the' paper already alluded to, on thcf 
country of Auvergne : an abstract of whicb 
has appeared in the foreign journals ; but 
the paper itself has not yet been publish- 
ed, or at least it has not yet reached this 
country. 
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In executing the translation now pre-- 
sented to the public, I have endeavoured 
to convey the Author's meaning accurate- 
ly, and at the same time with freedom ; but 
I am very sensible that many blemishes 
will require the reader^s indulgence. 

I have added some short explanatory 
notes in the course of the Memoir, and a 
very few Notes of Illustration at the end ; 
all of them being distinguished by the let-' 
ter T. (Translator.) 

/ 
Where the height of mountains, or the 

distance of places are spoken of, I have 

reduced the French myriametres to EngUsh 

miles, and the metres to feet. It nowhere 

happens that any argument is founded om 
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the exact measurements specified, else I 
should also have given the French ex- 
pression, to avoid ambiguity or inaccu- 
racy. 

The original publication was not illus- 
trated by any map : and on the Continent, 
where thfe Erzgeburge or range of Metal- 
liferous Mountains, is well known to all 
who interest themselves in mineralogical 
pursuits, a map was perhaps unnecessary : 
but in this country, such an aid, I thought, 
was indispensable ; no fewer than fifteen 
important mountains of Saxony, Silesia, 
or Bohemia, whose summits are capped 
with basalt, being described in the Me- 
moir, and a good deal of the argument 
turning on their relative position with 
respect to each other, and to the moun- 
tain-ranges with which they are con- 
nected. Through the obliging attention 
of Dr FiTTON (now of Northampton), 
and of Mr ABRowsMiTii'of London, I 
therefore procured a correct extract from 
the large map of Saxony, in fifteen sheets, 
constructed from surveys made by the 
Prussian engineer Petri, in the years 

63 
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1759, 1760, 1761, and 1762. This e:^- 
tract contains the greater part of Upper 
3axony, and a p^rt of Pohemia and Si- 
lesia, including of course the entire mom^- 
tain-chain of the Erzgeburge,.and also that 
pf the Mittelgeburge ; and considerable at- 
tention ha§ been paid, to mark particu- 
larly tho3e basaltic mountains or eminen- 
ces which are described in the first part 
of the Memoir, ^nd the origin of which 
constitutes the chief topic pf iqquiry ; so 
that the reader will be enable^ to find the 
position of almost pvery place mentioned 
in the work. I hope, therefore, that the 
niap will not only render the descriptions 
^nd reasoning of the book more perspi- 
cuous and instructive, but will not be with- 
out more general interest, from the mine- 
ralogical celebrity of the district which it 
represents. 

I have in general adopted the Janguagp 
of the Wernerian School, as employed 
in the writings of Prpfessor Jameson. In 
a branch of knowledge, but lately intrp- 
(li^ced in this country, it must on all hand? 
\)p admitted, that new terms were absq* 
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lutely required ; and if, in those which have 
been adopted, elegance or congruity with 
the genius of the EngUsh language have in 
a few instances been sacrificed to expres- 
sive distinctness, there can be no objection 
to a future reform. But they who have 
most loudly complained^ have not hither- 
to offered any substitute whatever for the 
terms which they condemn ; and some of 
the most obnoxious of these, begin to creep 
even into the Jivritings of the strongest op- 
ponents of Werner, 

P.N. 
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INTRODUCTION^ 



MARKED diversity of opinions on any sub- 
:t connected with physical science, can- 
t long continue ; the very existence of dif- 
cnt sentiments, tending to lead to a know- 
fge of the truth. When, in the course of dis- 
ision, the facts come to be verified, and 
?cise and definite meanings are aflfixed to 
' terms employed, any dispute about the 
^elusions must soon be settled. The con- 
versies which, at various times, have taken 
•ce, about the Newtonian discover)^ of gravita- 
te, — the figure of the earth, — the measure 

forces, or, more recently, on the subjects 
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of combustion and oxidation, may be mention- 
ed as examples. The question now agitated 
among mineralogists concerning the origin of 
Basalt, will probably have a isimilar result, at 
no very distant period, 

§ 1. The following is the state of the que- 
stion on this subject '^ 

Some naturalists, led by curiosity to visit 
the volcanoes at present in a state of ac- 
tivity, had remarked, that the rock-masses 
composing the mountains in which these vol- 
canoes are situated, and wh^ch are themselves 
the products of eruptions, are of a blackish 
colour ; that they often resemble scoriae ; 
that . they contain particular foreign ingre- 

« 

dients ; and occasionally shew a tendency to 
the prismatic structure. Upon travelling into 
other countries, not reputed volcanic^ they 
found mineral substances haviuja: a consider- 
able similarity to those volcanic products ; 
possessed of the same sort of dark fuliginous co- 
lour ; containing the same kind of foreign ma- 
terials ; occasionally with a vesicular structure, 
recalling the idea of scoriae ; and frequently 
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Columnar: they found these substances com- 
. posing hills and mountains of a conical shape, 
like Vesuvius and Etna. Such traces of 
resemblance having strongly impressed the 
imaginations of these travellers, they boldly 
proclaimed the discovery, in those other coun- 
trres, of ancient volcanoes, where in former 
ages subterranean, fire had produced all its 
terrible ravages, but where it has long been 
happily extinguished. The abundant black 
tock-masses iii such countries, (chiefly basalt)^ 
were of course considered as volcanic produc- 
tions, and pronounced to be lavas. 

Other naturalists, after exploring the same 
mountains accurately^ and with impartial 
coolnpss^ perceived that their entire mass 
was not composed of basalt, or the supposed 
lava ; but that, *while this substance formed a 
' covering over them, their main body was ac- 
tually of the same nature as the rock of the 
Surrounding country ; that no appeatances in- 
dicated any excavation or rending of the in- 
terior ; but that their mass was solid and con- 
tinuous throughout, and very far indeed from 
being a confused heap of fragments of different 

A 9 
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stones, scorisB, or melted materials, as is the 
case in true volcanic mountains. After ex- 
amining with the greatest care the nature of 
this basalt, they were of opinion, that it pos- 
sesses such strong affinities to other rockiy 
(particularly wacke and greenstone* ) the origia 
of which is not doubtful, that it should be re- 
garded merely as a modification of such rocks. 
They remarked, that the basalts of atl countriesi 
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* The wacke of Werner is a substance intermediate 
between basalt and clay. It contains less iron, anA 
perhaps more lime and magnesia, than basalt ; its 
texture is less compact, and it decomposes more 
readily. Its other properties may be seen in Brochaatii 
Mineralogy, yoI. i. p. 434. The popular meaning df 
the name wacke^ is different ; it is bestowed by die 
Saxon miners on all mineral substances, which do not 
contain metallic ores, especially if such substances be 
of a dark colour. 

GruHsteiuj or GreenstoQe, is a rock with a granule 
structure, composed of grains of hornblende and felspar, 
larger or smaller in size, and of a lamellar texture. 
The liornblende generally prevails in the mixture ; it 
is of a blackish-green colour, and often tinges the fid- 
spar, which is commonly whitish. Greenstone is oii0 
of the rocks which Werner comprehends under tibft 
title of Trap-rocks. --Brochant, vol. ii. p. 581, & 600. 
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have a close resemblance to each other ; that basalt 
is every where the same mineral, containing 
the same sort of foreign substances, possessing 
the same external form, and general aspect, in- 
dependently of the rock on which it is incum* 
bent. Among the foreign ingre^lients which 
it contains, some could not undergo the action 
of fire, without being destroyed or entirely 
changed. 'In some places it has been found to 
include petrifactions,— the remains of organic 
beings: in others, it rests on beds of coal, 
which are not in any degree altered or affected 
at the points of contact. In other places still, 
it alternates, in beds, with limestone, sand- 
stone, and even coal ; and appears therefore to 
have had a similar origin. The general thin- 
. ness of the beds of basalt, their great extent, 
and their bendings, do not accord with the no- 
tion of their having arisen from a stream of noelt- 
cdmatter. The prismatic, and sometimes vesicu- 
lar or porous structure of basalt, and the coni- 
cal shape of basaltic mountains, may be ob- 
served in many other kinds of rocks. Such 
arguments, together with a number of others, 
tobe afterwards stated, have led those mine- 
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ralogists to entertain doubts concerning the; 
volcanic nature of basalt, and to think that no 
reason appears for supposing its origin to hav^ 
been different from that of the other rocks 
which, along Avith it, constitute the solid crust' 
of the globe. 

Geologists are thus divided into two parties 
on the subject of the formation of basalt ; th^ 
one ascribing it to fire, the other to waten 
They besto\¥ on each othef reciprocally, the 
whimsical titles of Volcanists or Vulcanists^ an4 
Neptunisis, from the name of the heathen deity 
under whose banner they seepn to be ranged. 

Some observers, (De Saussure and Dolomieu 
among others), who having perhaps too easily 
yielded to first appearances, had enibraced the 
former of these two opinions, have latterly 
been staggered by the arguments of the Nep— 
tunists. After having examined attentively tl^^ 
strong facts brought forward, they have in soU*^ 
measure departed from their former opinion 9> 
and have admitted, that there exist certa^i^ 
kinds of basalts which never have undergoX^^ 
tlve action of fire. Here then is an approach 
the Neptunian views : and lam persuaded, "th 
jf correct observers, possessed of the necessai 
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physical and mineralogical knowledge, were to- 
employ themselves on this interesting question, 

« 

the difference of opinion concerning, the for- 
piation of basalt, would soon be decided. ** 

2. It is evident, therefore, that thisjquestion. 
can be. resolved only by observation^ made 
with equal care and discernment. J fliyself' 
have been led by particular circumstances to. 
e.%amine a great number of basaltic mpun tains. 
Besides, in returning lately from the mines :of 
Silesia, I traversed, on foot, and with p}y mi- 
neralogic^l hammer in ipy hand, ali^ipsj; ajl i\\^ 

basaltic hills of that range, which extpnjls, from, 

• • , • 

the Carpathian Mountains, as. far as th^^baijilsS, 

4 

of the Rhine. But my particular attention 
was directed to those of Saxony. ' A long 
residence amidst these mountains, had made 
me familiarly acquainted with them. I bad 
examined -them at different times; and on 
the. spot discussed the reslilts of my observa-' 
tions with other min^raldgists j I was thus 
enabled to supply deficiencies in my first ob-^ 
servations, and to review whatever liee^d^d: 
elucidatioi). I flatter myself, therefbri^,' tffcfft^I 
am able to produce numerous- ahiff Arell 
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atte^ed facts, which may perhaps fui'nUh 
some data foe th^ solution of the problem. 
The purpose of this essay, i^ to make these 
facts known: and if I ^hall he led to coa* 
elude, that the basalt of Saxony is not of 
volcanic origin^ I by no means pretend finally 
to decide the question as to basalt in getteralt 
I claim only the right enjoyed by every one 
who publishes his observations, that of giving 
hU awn opinion on the subject of which he 
treats, and assigning his reasons for adopting it, 
I expressly disclaim any right to pronounce po- 
sitively on things which I have not seen with 
my own eyes, although I may sometimes be 
induced to form conjectures from analogy. 



*4 



S. In order , to obviate any doubt as to the 
meaning of terms, I ^hall begin with explain**- 
ing what is here to be understood by basalt^ 
an4 by the expression volcanic production* Thent 
after giving a concise sketch of the position and 
nature of the chain of mountains, I sh^LlI parti-? 
cularly describe each basaltic eminence in sue* 
ces^ioUf j[ shall next mention the cooclusiont * 
which, sqem to me to result from my observa- 
tion?, particularly in regard to the formation of 



the basalts of Saxony : stating my reasons for 
believing that they are not, and cannot be, 
of volcanic orio;in. After having taken a 
cursory view of the extent of the great ba- 
saltic mass which constitutes a part of the sur- 
face of the globe, 1 shall hazard an opinion 
concerning the nature of basalt in general ; and 
then conclude with an examination of the vol- 
canic hypothesis of that excellent geologist 
DoLOMiEu, whose misfortunes lately excited 
6o much interest among the learned in ever^ 
part of Europe, and whose recent loss is still 
gfenerally deplored *, These different matters 
rill form the objects of the five parts into 
V'i^ich this essay is divided. 



• [! »• m ; , _ rf,, ■ II ■ I ta 



^^ It will be recollected, that Dolomieu, who spent 
pauL<^ of his time in investigating the volcanoes of 
Italy an4 Sicily, was unexpectedly and cruelly cast in- 
to prison, by order of the Court of Naples. He re- 
iBained immured in a dark and loathsome dungeon in 
llessina, for nearly a year, notwithstanding the inter* 
cession of Sir Joseph Banks, and other distinguished 
Aawicters; till Buotiapartif, having attained to the 
?'»it CoQsulihip, ^fiectuaUy interposed in . his fatour^ 
j and obtained his release. He did not long ^i4rviY^>£i 
^ Ailargempi|t, sinking under an attack of fever in winter 
IMS, ift tht Slst year of his age.— These are the cu:^ 
(JWrtances alluded to by the author. T, 
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PART I, 



PRELIHIXART DEFINITIOH*. 



I AM now to explain with precision, what % 
mean by the term basalt , ^i^d by the expression 
mlcanic p?^oduction. 

4. If the mode of formation of basalt werd to 
be taken into consiideration, it might be possible 
to give an accurate and satisfactory definition : 
but as this would be taking fop granted a thing 
which is precisely the point in dispute, I must 
wait until 1 have established its. origin. 
. Not being yet prepared, therefore, to give a 
definition of basalt, I shall give a description of 
it, or detail ijs characters and p^op^rties* Few 
mh)^/al& [possess characters so distinct; and 

< 

few ind^^d ate 'SO easily recognized : all basalts, 
even of countries the most distjint from.f^cU 
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pther, have a common resemblance, and are not 
like to any other mineral; q.nd they may all b^ 
easily comprized under one description. 

Basalt. 

The colour of basalt is greyish-black, more 
or less deep. When it is polished and moist- 
ened on the surface, it has a bluish aspect. 
In some varieties, the colour has a tint of 
green ; in others of brown or red : In the for- 
mer-vcase, the basalt approaches to wacke or td 
greeristDne j . in the latter, to common clay- 
ironstdne. 

It occurs massiv^*; in beds covering moun- 
tains; of,whichit.generally forms the* summit. 
Frequently these masses or beds are divided in- 
to prisms or columns fnbre.or less regular in 
structure, and which are generally several yards 
in length: sometimes they are divided into 
tables, or^ into balls with, concentric layers. 
Spme varieties present nuij^^rous vesicular ca* 
vities. ' ' » ' J 

Its' fracture is duU and almost earthy, but 
fine-grained; sometimes it: passes- into the 
Jarge and perfect conchoidal, at other times in- 
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to th^ coarse-grained uneven. It often presents 
gratiulat distinct concretions*. It is diffi- 
cultly frangible, when not traversed by rents. 
The prisms, especially when they are small^ re- 
sound under the hammer, as if it had struck the 
mnvil' The fragments are more sharp- edged, the 
nearer that the fracture approaches to the con-^ 
choidal ; and the conchoidal fracture (Obtains 
in thf hardest and most compact kinds. 

Its hardness varies. The varieties in which 
the fracture is conchoidal, give some sparks 
with the steel : the others may be scratched 
with the knife : Those which abound with 
vesicles^ often feel dry and rough to the touch. 

Its specific gravity is about three times that 
of water ; S,065 according to Klaproth. But 
M tjlie weight diminishes in proportion to th^ 



♦ See Brocbant'^s Mineralogy, vol. i. p. 118. foi- an ex- 
^aioMifm ef this esfpres^ion, and of some others bor- 
rowed from the language of the Wemerian school. X). 

The reader may he referred also to Professor Jame- 
Sdn^s Treatise on the External Character of Mineral9 ; 
Im tedmicalfrfifas^olbgy being generally adopted in this 
trsndatuKi. T. 



number of vesicles which it contains, some 
fragments are much lighter. 

Almost all basalts affect the magnetic needle: 
But H^iiy b«8 Bhewn that only particular points 
in the basalt are endowed witb this *p6Vlrer. 

Exposed to the action pf the atrao$pHere and 
eleftients. it decompose* more or less really in- 
to a rich blackish earth, well siiifed to vcgeta- 

• ■ • 

tion. The very compact and iron-like varieties, 
hotvever, seem to resist -all dwonffposil^m 
Those whicli are vesicular, often decompose in* 
to a kind of greyish powder, which sometimes 
resembles ashes. 

Subjected to the action of beat, it melts, accoc- 
cling to Sir James Hall, at about 38^ of Wed^ 
wood's pyrometer : it then changes into a 
brownish-black or greenish- black glass, a little 
transluceot on the edges. If this glass be 
again mejted, and cooled very slowly, it once 
more assumes a stony aspect. Exposed to 
heat in a crucible, covered with powdered char- 
coal, the basalt changes into a grey dull mass, 
full of little cavitres containing globules of 
iron. 
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Both M. Klaproth and Dr Kennedy analysed 
basalt ; and found, that in a hundred parts it 
contained, 

Snica, 44.50 46 

Alumina, 16.75 16 

Oxide of iron, . ; . 20.00 16 

Lime^ i 9.60 9 

Magnesia, , . . . • 2*25 . O 

Soda, - . . . . ^.60 4 

Water, 2.00 6 

Oxide of manganese, • • • • . < . 0.12 O 

Muriatic acid, 0.05 1 

Loss, . . . . i 2.23 8 

100.00 lOO 

Klaproth observed likewise a trace of carbon ; 
and in the 5 parts of water in the analysis^ 
by Dr Kennedy, are included the gaseous sub^' 

< 

stances. 

Such are the properties which characterize' 
and distinguish basalt taken by itself. It may 
here be observed, that in giving the name of 
basalt to the mineral which possesses these 
characters or properties, I have in view the 
same stone to which the ancients gave that 
name. Pliny, speaking of the different species 
of marble, mentions one which the Egyptians 
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Ibrought from Ethiopia, and which they called 
basaUes^ on account of its hardness an4 colour 
resembling those of iron. " Invenit ^andeai 
" jEgyptus in -Slthiopia, quern vocant basal- 
** tem, ferrei coloris et duritiae ; und^ et no- 
" men ei dedit." Lib, 36. cap. 7. 

In order to give a complete account of 
basalt^ I ought to consider it in. its geognps- 
tic relations ; — ^to give some details concern- 
ing its structure and form, mention the mi- 
neral substances which generally accompany 
it, and state the peculiarities of its repasi-^ 
iory. But a knowledge of these circumstances 
not being necessary for characterizing basalt 
taken by itself*, and belonging rather to its 
geological history, I have placed them in a 
note. (Note A.) , 

5. Under the denomination of volcanic prodac-- 
tionSf I include only those . substances which 
have been completely melted^ and have had 
their nature changed by a subterranean fire, and 
which have been subseq^iiently placed in thcf 



* The soundness of tbis opinion may be doubted* 
See Translator's Preface^ T. 



situations where we now see them, by a vol- 
<rafiiG eruption : In short, I mean substances 
siAiilar to those lavas which Vesuvius and 
Etna continue to pour out at this day. I thus 
exclude thosef fragments of minerals, which th^ 
force of a vofcanic eruption may have merely 
torn from one place, and by ejection deposited 
in another; and likewise those which have 
been only altered in some degree by the action 
of heat, such as a shivered crystal. 

As I mj'self have never had an Opportunity 
of visiting active volcanoes, I shall not pre- 
tend to enter on any explanation of their 
origin, of the phenomena which they present^ 
or the eflfects which they produce : at the samef 
time, I may be e&cused for exposing the hypo- 
tl^etical and arbitrary suppositions which have 
been formed on the subject of volcanoes, and 
for treating with perfect freedom those causes 
and agents of a sort altogether peculiar*^ 



* AUudlog in particular to the princtpUj differeaf 
from caloric, — the " vehicule quelconque,^' by whidi 
Dolomieu supposed the matter in the interior of the 
earth to be maintained in a state of fluidity analogous 
to fusion, but materially different from igneous funoa* 
See Note X. T. 
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which have been so gratuitously admitted by 
Dqlomieu; and the pretended existence of 
which, far from being supported even by pro-p 
babllity, is directly contradicted by all that we 
know of physical certainties. As he took for 
granted the existence of facts which were not 
to be found in Nature, it was to be expected 
that he should attempt their explanation by 
imagining causes not subject to her laws. 

As specimens of lava for comparison with 
other rocks, 1 cannot admit any but the pro- 
duce of Vesuvius, Etna, or of other active and 
well known volcanoes. I must reject all argu- 
inents founded on specimens taken from ex- 
tinct volcanoes, whether the existence of those 
yolcanoes have been real or imaginary ; because 
their existence is the very poiqt in dispute. 

I certainly regard the fluidity of lava^ 
as an effect of caloric ; and I consider their 
heat as sufficiently intense to melt stony 
matters, and to keep them in a state of fusion ; 
for I have no reason to believe the contrary : 
According to all that I have learned from per- 
sons who have seen the flowing of lavas, the 
liquid torrents spread around them a brigl^t 

B 
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light; and they set fire to, and consume, every 

■ ♦* 

combustible material which they meet with in 
their progress. These are just the effects of or? 
dinary fire. The homogeneous nature of the sub- 
stance of lavas, proves, that there has existed 
sufficient heat completely to melt the mineral 
bodies which enter into their composi- 
tion. 

But it may be alleged,, that people often 
walk on the crust which is formed on the sur- 
face of the lava, while the stream still con- 
tinues to flow beneath ; and that, through the 
fissures of the crust, is seen the light whicli 
proceeds from the melted matter; yet that" 
but little heat is felt. There is, however, no- 
thing extraordinary in this. I have frequent- 
ly observed the same thing in our foundries. 
I shall mention only one instance : At Frey- 
berg, they smelt ores, which in a hundred 
parts of earthy matters, do not contain one 
of metal. They mix the ores with iroii 
pyrites, and scoriae from former lead-works. 

The lower cavity of the furnace, contains frobi 

• ' • 

seven to eight quintals (hundred pounds) ^, 
matter, and it is about two feet ^ 
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ditireter.When the furnace is broached^ the 
tnattA in fusion which flows into this cavity, 
produces sa much heat, that no one can ap« . 
proach ; but in a very short time, it becomes 

covered with a crust, through the crevices of » 

«. 

which may be perceived the flame of the sul- 
phur of the pyrites, which continue ignited 
below. This crust is not more than three or 
four lines in thickness : it can bear, however, a 
considerable weight ; and it intercepts the heat 
so much, that I have at such a time been able 
to make experiments, without being incom- . 
moded by it. In a quarter of an hour, the 
crevices become blocked up, and one may pass 
close by the bason, without perceiving that it 
is full of metallic and stony matters in a state 
of fusion ; but as soon as the crust is lifted up^ 
and the fluid substances exposed, the heat . 
becomes so powerful that a person must re- 
cede many steps. As to what is alleged about 
copper medals having been enveloped in the 
lava, without being melted, I must have 
^witnessed all the particular circumstances 
attending the fact, before I could be able to 
^raw any conclusion from it It would, among 
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other things, be necessary to know if the lava 
had been in immediate contslct with the )iiet&l, 
and what was its precise nature. * 

I have not, it is true, ever witdesied vol- 
canic eruptions } but X haVe seen a number of 
subterranean fires; and ii is probable that 
those of volcanoes ar^ of the same nature. 
The subterranean fires which I allude to; arei 
nothing else than certain thin bedfe of Coal, 
which are burning some yands under grbund* 
There must necessarily, lio jdoubt, be a great 
difference between the effects of t^hiis iriffiiig 
cdjuse, and those which are produced by vol- 
canic agents. These last may be expected to 
be proportioned to the vasstness 6f the cause. 
However, the subterraneaii fires first Inention- 
eJ, throughout the extent of their sphere of 
activity, vitrify clays atid earthy substances ; 

4 

melt the surface of mass<&s of quartz ; and roast 
ironstone, causing the reduced m^tal to.fl6w out, 
I have beeui aft dciilar witness of all thtese 
fact* '*, and have seen thfeni not farther than tfeh 
paces from th6 place where the beds of cbal 
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were still bumiog* AHr tlie burnt-rclays and 
poFcelaM-ja6pier& wh«cb iilKAiml in t^ cabiiiets 
of mineralogists, are only clays semivi trifled, 
or whioh hav^ undergone complete vitrifica- 
tion, in 4i^^ p«eudo-vol€an6es. If, then, the 
heat pnodiiced by an inflamed bed of coal, 
which Extends ^nly to the depth of some yards 
un^eir the surface of the earthy is sufficient to 
mi^lt'-quarte and ironstone'; can we believe, 
that the b^at of volcanoes is not of such interi- 
sityi 5^8 ' to fMQ copper, if fairly expired to it? 
or is it possible td €i()Jlfceive> that a stream of . 
melted stones, of more than three hundred feet 
in thickness, shcfuld np^'^t alT aflfect or alter a 
bed of hlitumiqious matters, over which it should 
flow * ! 



PART Ih 

OF iTHE BASA^LTIC MOtT^TAiKS OP SAXO-Nt 






§ 6. Before describing the individual basaltic 
mountains of Saxony, I shall shortly mention 

* 

^ See the description of Mount Meisner^ in Note C. 
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the position, the extent, and the general nature 
of the mountain-chain to which they belong/ 

The chain is called the Erzgeburg^, or Me- 
talliferous Mountains. It separates Bohemia 
from the electorate of Saxony. Its direction 
is from N. E. to S. W. One of its extremities 
terminates in Franconia, where its base is join- 
ed to that of the Fichtelgebiirge. On the other 
side, it ends in the great and deep valley oc- 
cupied by the river Elbe ; this valley separates 
it from another chain which lies between: Bo- 
hemia and Lusatia, and which, l;iaving nearly 
the same direction, nlay be regarded as a pro* 
longation of it. This last chain joins the moun- 
tains of Silesia. 

The length of the metalliferous chain, is about 
120 miles, in the line of its direction. Its 
height is about 3280 feet, above the plains of 
Saxony, and 3600 above the level of the sesu 
The declivity towards Bohemia, is very rapid; 
but towards Saxony it is quite gradual. The 
whole chain presents the appearance of an am- 
phitheatre of mountains, the tops of which, arc 
either rounded or flattened. This chain g^' 
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dually rises from the level at the foot of the 
amphitheatre, through a tract of nearly thirty- 
seven miles, to the summit of the ridge. Tlie 
declivity Which looks towards Saxony, exhi- 
bits, through its whole extent, cultivated fieldsi 
meadows, and forests. 

The fundamental rock of the chain, is gra- 
nite. The granite is covered, and as it were 
wrapped round with beds of gneiss, of miCa- 
slate, and of clay-slate ; placed ovet one an* 
bther in the order in which they have here 
been named. In many places, the granite 
seems to pierce the covering, and appear at 
day. Among these beds, some are found 
which contain metallic minerals. These, as 
well as the iiumerous and rich veins which 
traverse them, arc the objects of the great 
mining operations of Saxony. There occur 
likewise in the chain, rocks of serpentine, and 
of quartz ; beds of lim€*stone, of coal, of clay, 
and others. The whole of the eastern part of 
the chain, is covered, on the noVth side, with al 
huge bed of porphyry, and on the south 

B 4 
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side, with a bed of sandstone, of equal magni*' 
tude*. 

7. On a chain of hills of this structure, does 
the basalt rest, of which I am to treat. Undet 
various shapes, as tables or platforms, cones, and 
domes, it forms the summits of about twenty 
mountains, some of which are isolated, but 
which more generally are connected by their 
sides to the neighbouring mountains, the ba- 
saltic top alone remaining separate. This is 
commonly tihe most elevated point in the neigh- 
bourhood ; so that when, in surveying the as- 
pect of any part of the chain, an isolated sum- 
mit is seen rising above the surrounding moun- 
tains, we may almost conclude that it is com- 
posed of basalt It is principally in the neight 
bourhood of the ridge of the chain^ that moun- 
tains with basaltic summits occur. Precisely 
on the highest part of the chain, between 
Gottesabe and Irgand, there is a kind of moun« 
tain-plain, more than three miles in length, 



i» — — ^y 



* For more minute detaQs on this subject, se^ 
Daubuisson on the Mines of Freyberg, vol. ii chi^. 1^ 
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the rock of which is basalt The back of the 
chain^ which looks towards Bohemia, presento 
a greater number of basaltic mountains; but 
I mean here to confine myself to those of 
Saxony. These are known under the names of 
Scheibenbergy Basrenstein, Pashlberg, Heidel*- 
bcrg, Ascher-hubcl, Landberg, Steinkopf) 
Lichtewalde, Geissengenberg, Luchauerberg, 
Cottanerspitze ; and beyond the Elbe, are si- 
tuated the Winterberg, the Heulenberg, and 
Stolpen. Perhaps, besides these, there m%y be 
some others which are not known to me. 
Fragments of basalt which are found in parti- 
cular places, favour this supposition, though I do 
not know of any others having b^en observed^ 
All the basaltic rock^ of Saxony taken together, 
present a surface of little more than an 
English square mile, and they ^re dispersed 
over an extent of country of more than six 
liundred square miles, so that they do not con^ 
fititute the six hundredth part of the super- 
^cies of the chain of which they form a part 

I shall now give a particular description of 
i^cfa <^ the mountains above named. I shall, 
^ each case, begin by noticing the position 
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and aspect of the mountain ; I shall next 
mention the nature and direction of the beds 
of which it is composed ; and then examine 
the circumstances attending the superpositioa 
of the basaltic summit, specifying its form and 
extent. Afterwards I shall take a general view 
of the structure, of the basaltic summit on the 
great scale ; and shall conclude with some no- 
tice of the nature of the basalt of which it may 
happen to be composed, and of the foreign 
minerals which it may contain. To avoid rei>eti« 
tion as much as possible, I shall not treat of 
any thing that is not peculiar to the individual 
mountain, referring to § 4, for what is com- 
mon to the basalt on their summits. I shall 
further suppress some local details which 
might have been necessary, if my design had 
been to give a complete description of these 
mountains, and not to confine myself to the 
instructive appearances which they present. 
I must add, that, notwithstanding the pains 
which I have taken, I have found it impossible 
to examine with the eye, every thing that was 
necessary to render each description complete* 
In a number of places, the rock was cover^^ 
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'With soil^ SO that I could not observe the 
mode of superposition, the structure, and other 
circumstances: in these cases, I behoved to 
content myself with examining the points 
which ' were exposed ; and I believe there 
are few instances in which I did not exercise 
particular care. 

8. The mountain called Scheibenbcrg^ is si- 
tuated at the distance nearly of fifty miles to 
the S. S. W. of Freyberg, and nine miles from 
the summit of the chain. Its eastern base is 
washed by a small river called Tschopau, on 
which lies the town of Schletau : the little 
town of Scheibenberg is built on the western 
base of the mountain. 

Its general form is that of an unshapely 
truncated cone. Its summit commands all the 
country for six miles around, being elevated 
between 1000 and 1300 feet above the base. 
The general accUvity of the sides is very gra- 
dual; and towards the top, the body of the 
mountain presents a rounded back, forming a 
kind of mountain-plain, on the middle of which 
lies an enormous platform of basalt The sides 
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of the mountain are covered with cultivated 
lands; the eastern side^ indeed, with woodj 
and the summit is naked^ producing only 
mosses and lichens. 

The body of the mountain is ^pipposed of 
gneiss: this is covered by beds of mica^sUte 
and clay-slate : On the side next Schletau, the 
gneiss is visible at the highest part of the body 
of the mountain; the mica-rslate about the 
middle; and the clay-^slate towards the base. 
The general inclination of the beds^ especially 
near that place, is from 50^ to €0? to tlie 
N. £. The mountain is traversed by me^ 
talliferous vjcins, which are worked in some 
places. Situated on the kind vof plain form- 
ed by the highest part of the body of the moua- 
tain, we find a bed of gravel ; over wliich^ 
there is one of fine sand ; and then one of rday^ 
These substances lie in horizontal beds, the 
one above the other. The upper bed, in the 
place where I made my observations, was from 
sixteen to twenty inches in thickness ;: it con" 
fiists of an ochry-yellow clay, very smooth and 
unctuous to the touch, and which is used in Cbe 
manufacture of eartheurware. . 

On these horizontal b?ds of gravel, of sand. 
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and of play, lies the mass of basalt which 
crowns the fnountain. It is about 750 feet in 
length, 400 in breadth; and its thickness may 
be Estimated between sooto A60 feet To- 
wards th^ north and east^ its sides are per- 
pendicular ; towards the west, they have a Con- 
siderable declivity; and to the S. W., thettj is a 
basaltic hillock or eminence. The upper sm> 
face id almost liorizontal; it inclines only a 
little to the west : it is covered with fragments 
of basalt, and with mosses, and grass. 

In ^ great part of the lateral surface of the 
platfottii, thfe basalt is quite exposed ; it is divid- 
ed itoto irregular vei^tical prisms, producing the 
appearance of a row of pillars, surrounding the 
stttnniit. These columns are very long ; some of 
them even 180 feet: their thickness is from 
three to dsc feet. The nuteber of sides in the 
prism varies ; but most commonly each has si^. 
These sides, .far fitmi being smooth or straight, 
ait fnll of bendings and sinuosities. The 
angles are bhinted. Thus, these prisms have 
notJiinqj of regularity in their appearance, but 
form nnshapely columns, which are divided by 
rents or horizontal fissures, at certain dis^ 
tances. 
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In respect to oryctognostic characters, the 
basalt of Scheibenberg presents nothing parti^ 
cular: it is somewhat less black, less hard, and 
less compact, than that which constitutes the 
fine regular columns to be seen at Stolpen and 
other places. 

It contains a great quantity of small crystals 
of amphibole or common hornblende. I have 
not been able to determine the form of the 
crystals, as they have been restrained by pres- 
sure during their formation : perhaps they 
should rather be called grains with a lamellar 
structure, than crystals. As the hornblende 
resists decomposition better than the basalt; 
the grains of the former, which happen to ex- 
ist at the surface of blocks of the latter sub- 
stance, present projecting points : this circum- 
stance, joined to their deep-black colour in the* . 
luidst of the greyish-black, of the decomposed 
basalt, gives to these blocks the appearance of 
a mass in which an infinite number of small 
fragments of charcoal is disseminated. I have 
likewise observed in certain portions of the 
basalt of Scheibenberg, some grains of common - 
plivin. .•: \ 
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On the west side, a little above the town, 
many subterraneous galleries have been opened, 
which have been pushed under the " basaltic 
platforn), in order to procure sand and clay. 
These operations have disclosed a part of the 
beds on which the basalt rests. In 1787i M. 
Werner observed in this place, a bed of wacke, 

■ 

on which the basalt was deposited in imnoe* 
diate contact; and he remarked, that these 
two substances passed into each other by gra- 
dual shades of difference. In publishing this 
discovery, he announced his opinion concern- 
ing the origin of basalt, and thus threw down 
the gauntlet An animated debate ensued 
between him and M. Voigt*. I had no 
opportunity of examining the particular spot 
where Werner made his observations, the faV 
ling of some rocks having entirely covered the 
place with debris. The point of fact, however, 
has never been denied f . 

• 
* This controversy, I understand, was originally car* 
ried on in the BtrgviumnUhta Journal of Freyberg, 
Allgemtint Literatur Zettung, and Voigt^s Mineralo^ 
giache unA htrgmannUhe Abkandlungen. Several of the 
pap^ were afterwards translate4 into the Jowmql d^ 
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On the eastern side of the mountain, there 
are numerous heaps of rubbish, evidently dug 
from the interior, as well as many vestiges of 
ancient galleries, which had been driven under 
the basalt. These facts evincet that there had 
been, in former times, a great number of sub- 
terraneous works in that part ; but there re* 
mains no evidence to shew tvhat minerals 
may have been the object of these labours. In 
the middle of the basaltic platform itself^ there 
is a gallery called the Dwarf's Hole. This 
gallery may be entered to the distance of about 
120 feet ; but the water which occurs^ hinders 
farther access. I have here observed small 
pieces of basalt entirely softened ; whil^ others 
which were contiguous, resisted the hammer, 
and were very hard. Two pieces taken from 
the same block, have also sometimes presentedi 
a remarkable difference in hardness* As these 
nmst, on account of their connection, have been 
nearly equally exposed to the elements, to theac* 
tion of which one might at first be ready to as- 
cribe the softening, I cannot but regard it as the 
consequence of a difierence in ^be origuml iw- 
mation, or in the composition' of the ^ittfdite% 



K)JCHLB£EG. SS 

The impatience of my guide did not permit 
me to make a greater number of observations 
in this gallery. Tlie Count de Beust, who had 
visited it wme days before, observed the oc- 
currence of bole ; and he told me, that a co- 
lumn of basalt is to be seen travers«d^by a bed 
of tliat substance. 

w 

9. The mountain called Pcehlberg is si- 
tuated about forty- three miles to the S. S. W. 
of Freyberg, and about twelve from the ridge 
of the chain. Its name is derived from the 
Fcehl, a small stream which washes its eastern 
base. Another rivulet, very much confined in 
its bed, bounds it on the western side. On its 
western declivity is built the small but hand- 
some town of Annaberg. 

Poehlberg has the form of a huge trun- 
cated cone, which rises like a colossus a- 
bove all the neighbouring mountains. At a 
distance, it presents a most majestic appearance 
It requires near an hour and a half, to go ixoxfi 
the western foot to the basaltic platform of 
this mountain. The acclivity is gentle, up 
to the beginning of the platform. Its 
.5ide9 are covered with lands under tillage; 
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but there are no trees. On the top nothing is 
to be found but fragments of basalt, and some 
moss. 

The body of the mountain is composed of 
gneiss. The beds of this substance are nearly 
horizontal, though in some places they have a 
gentle inclination to the east. The* interior is 
traversed by a great number of metallifeipus 
veins, some of which still continue to be 
worked. Towards the upper part of the 
acclivity of the mountain, the gneiss is co- 
vered \^ith gravel, which extends to the neigh- 
bourhood of the town. Over this gravel lie 
several nearly horizontal beds of fine sand and of 
clay ; presenting an alternation of whitish and 
yellowish bands. Above these, is situated th^ 
large basaltic platform which forms the sum- 
mit of the mountain. 

The shape of this platform is oblong. It is 
I6d0 feet long, from N. to S., and SS6 wide. 
^Its thickness'ls about 1 60 feet. Its upper surface 
is nearly horizontal, being only a little inclined 
to the west*. It consists of a mass of basalt^ 
divided into irregular columns : it is difficult 
determine its structure more minutelv : for 
' is almost every where covered with moss a: 
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With fragments of basalt I did not observe 
the rock laid bare in its original position, any 
where but towards the N. W. : it is there 
that the prismatic division is observable. 
The columns are quite like those of Scheii- 
benberg, only perhaps they are somewhat 
shorter. 

The basalt is also of the same quality as that 
of the last-mentioned mountain; only it ap- 
peared to me to contain a greater quantity of 
grains or crystals of basaltic hornblende. 

On the west side, above the village of 
Annaberg, some galleries have been opened in 
the sand and clay,. This last substance is used 
by the potters ; and the sand or gravel serves 
for garden-walks. The openings of these gaU 
leries, are situated merely under heaps of blocks 
of basalt, detached from their native site ; but 
some of the galleries being more than 1 30 feet 
long, inust extend under the solid platform of ba^ 
salt, which is thus proved to rest directly upon 
beds of clay and of sand, at least at this part. 
I myself, indeed, had no opportunity of explor- 
ing^ these galleries: but they were described 
Ito me by an old miner, who had worked for thir- 

C8 
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ty years at them ; and as he appeared to be a. 
plain honest man, nowise inclined to exaggerate, 
I think myself Justified in trusting to his infor- 
mation. He told me, that the roof of the large 
gallery was formed by the inferior surface of 
the basaltic platform ; that the clay which was 
immediately next to the basalt, adhered 
strongly to it, and was very greasy to the 
feel : that above this, the gravel was found i 
that they had ceased to push the gallery for" 
ward, because they had come to a rotten tvck^^ 
IJy this expression, he meant a hard black-- 
jsh clay, which I consider to be wacke. Tins 
miner further informed me, that he remember- 
ed to have seen in the place where the basalt 
is laid bare, to the N, W. of the platform, ba- 
saltic cohimns more numerous than they now 
are ; for, that, every year, some are displaced=: 
during thunder-storms, or by the action o 
frost. The same thing was affirmed to me <f 
the cohnnns at Scheibenberg. 



10. The Bimnstein (Bearstone) is a mou 
tuiu Nituutcd about six miles to the south 
Anunbcrg. Like the two former, it is sbap^^^ 
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like a truncated cone ; or rathdr, perhaps, it 
may be described generally as a lofty mountain, 
having a cylindrical platform of basalt situated 
on its back. 

The body of the mountain is composed of 
gneisSj the beds of which are nearly horizon- 
tal. As in former instances, a few metal- 
liferous veins occur, which have given rise to 
some mining labours. On the upper part of 
the mountain, there is likewise a thin bed of 
sand, on which the basaltic platform imme- 
diately rests. This platform is 650 feet in 
length, and near 400 in width. Its thickness ap- 
peared to me greater than that of the platforms 
of the two preceding mountains : I suppose it 
may be 250 or 300 feet Its sides are verti- 
cal ; so that, at a distance, it seems to be much 
morie detached from the body of the mountain, 
than the platform of Poehlberg, from the sides 
of which there proceeds an acclivity which joins 
the debris of the mountain. The basalt is ex- 
posed through almost the whole extent of the 
platform. It is divided into thick ill-shaped 
<^olumns of great length. On the side, next 
the towU; there is a small acclivity, through the 

c3 
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turf of which, in one place^ a rock penetrates i 
this rock is divided into small irregular columss, 
from ten to fifteen inches thick, and a little iii^ 
clined to the horizon. 

The basalt is much of the same nature as the 
preceding: it contains, however, less horn- 
blende ; and I have found in it some grains of 
iron-sand« (Eisensand). 

At the foot of the mountain, on the south 
side, a ditch has in former times been dug i!Q 
the sand: and I think I have observed some 
vestiges of an ancient gallery, which had beeft 
formed under the basalt. 

The three mountains which have been now 
described, are so situated in respect to each 
other, that their summits constitute the three 
' points of a nearly equilateral triangle, the side» 
of' which are above six miles in length. Th^ 
form a striking group by reason of their singu- 
lar aspect, and still more on account of the re* 
semblance, in respect to shape, qualities and 
superposition, which subsists between tfav 
masses of basalt which respectively cover 
them. 



11. At the distance ai^ twdve miles to the 
scmdiiof fianrensteiii^ and precisely on the ridge 
of the chsfciiv is situated the Sfitzberg^ (or 
Pointed Mountain), which, for height, vies 
ivith the Fichtelberg, — a neighbouring moun- 
tain, the sun^mit of which, as well as the 
body, consist^, of gneiss or of mica-slate, and 
which- forms the most elevated point of the 
chain; being near 400O feet above the level 
of the sea^ a^ording to the barometrical oIm 
servations of Charpentier. The peak of Spitz-> 
berg, is composed of basalt. In shape it greats 
ly resembles that of a mountain soon to be 
particularly described^ (Geissingensberg, § 17). 
Here the basalt really rests on th6 mica-slate, 
which constitutes all that elevated part of the 
mountain* Its base is covered with mossy turf» 
In descending the rivulet, as far as Irgang, we 
meet continually with peat-mosses^ or boggy 
places; and it appears, that the soil of this sort 
of elevated plain is derived from hasalt» From 
Spitzberg, may be seen the Hassberg, Presnitz, 
and other, basaltic mountains, whose sum^mitS; 
comnumd the whole, chain^ and at the bottom 
of whicb are situated the deepest valleys* As 

c4 
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these mountains belong to Bohemia, I do tfof 
liere enter on them : those desirous of infor-*' 
mation, may consult the writings of Dr 
Reuss *• 

12. Heidelberg^ in a small viUage near t(r 
Seiffen, and about four and twenty miles to the 
south of Freyberg. To the east of the village^ 
there is a mountain nearly covered with fine 
trees : it consists of gneiss passing into mica- 
slate. On the declivity (not on the summit) 
which looks towards the town, we find two 
groups of basaltic columns : they have the ap- 
pearance of two horns, which seem to issue 
from the side of the mountam. Each group is 
about sixty or seventy feet in circumference at 
Ihr base : in both groups, the columns diverge, 
a little. Those tH>lumn$ are small, not more than 
right or ton inches thick, and very irregu- 
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K ♦ j{ 4iM uNt^y^^f K^nKt-^fw^jOf* •*f«^ BikmcMy 8ro, 1801. T. 
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liar. The basalt of which they are composed, 
is black and coin[>act.: it contains some grains 
of olivine ; and, in small cavities, a sort of marly 
earth may be observed. • 

13. The mountain of Lwhtezt^alde (Light 
Forest) lies about^ eighteen miles and a half to 
the S. S. E. of Freyberg, exactly on the frontier 
of Saxony and of Bohemia, but within the ter^ 
ritory of the latter. Its eastern and northern 
base is surrounded by the small river called 
Floehe, which forms, in this place, the boundary 
between the two States. The mountain is si- 
tuated on the ridge of the chain, a,nd entirely 
commands it in all that district The prospect 
from its summit embraces Freyberg, and all the 
anterior part of the chain, even to the plains of 
Saxony. 

It has the form of a great truncated cone, or 
rather of a very elevated platform, which is 
ftiore than dOOO feet in diameter. On the north 
and east sides, it is isolated and separated from 
tHc rest of the chain, by the valley in which the 
Floehe runs ; but it is joined to the chain towards 
the west and the south. Its summit alone re- 
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mains detached on every side. It is covered 
with a pine forest, excepting on the northern 
side^ which is naked. In the middle^ appear 
the ruins of the Castle of lichtewalde, formerlj? 
one of the seats of Count Wallenstein, so cele" 
brated in the history of the Thirty Years War*. 

The body of this mountain^ together with all 
the surrounding rocks^ consist of granite. The 
felspar here prevails considerably : it is in larger 
reddish grains ; the quartz is grey ; and themici, 
which exists Only in very small quantity, i» 
of a brownish-black colour. I found frag- 
ments of porphyry towards the upper part or 
the mountain ; a fact which leads me to be* 
lieve that; at least in some places, this kind 
of rock covers the granite. 

Above all, lies the basalt. It fomis a plal 
form which is above 3000 feet in diameter/ 
I could not determine its thickness, as it is im- 
possible to see the surface of superposition^ ow« 
ing to all the sides being tliickly covered with 

- — — '■■' . - - • I -^ 

* Tlie Count was the richest nobleman in Bobeni% 
and possessed several extensive palaces and castks 4tt 



his different estates. This was one of the strongest^ 



— For his exploits, see SchiHer's Histoiy of the 
Years War, 8jc. T/ 
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earth or with moss. However, as I obser- 
ved granite to be the rock, 650 feet below 
the suminit, I can conclude with certainty 
that the basalt is not of that thickness. The 
same obstacle prevented me from ascertaining 
whether the basalt of the platform was inclined 
to prismatic division. Its upper surface is nearly 
horizontal. On the top, there is a small shallow 
lake ; its surface extending to about 500 square 
feet, and it ' being little more than six feet 
deep. In the court of the Castle, there is also 
a well, of small depth, and which becomes dry 
in the summer season. 

Thefragmentsof basalt which occuron thesides 
of the mountain, are of a grey isb-black colour^ 
uneven fracture, and very compact : some va-* 
rieties which consist of granular distinct concre- 
tions, are of a deeper black. Many of the masses 
on the summit, are of a large size; some of 
them from six to ten feet in height. The sub- 
stance of many of them appears full of sma}} 
tortuous cavities, somewhat like those obsenr<« 
able in certain kinds of wt)rm-eaten timber^ 
"^ese masses of basalt, are thus lighter and 
less hard than the common sorts; but in aU 
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Other respects they entirely resemble then?; 
I have often seen blocks, in which the one ex- 
tremity presented the spongy appearance jnrt 
described, while the other was quite compact; 
the cavities diminishing gradually in number 
and size, till they wholly vanished. 

The basalt of this mountain is principalij 
distinguished by the fine olivine which it coir* 
tains iii great profusion. It occurs in amor- 
phous masses, sometimes larger than tlie fist, 
and composed of granular distinct concretions; 
Many of the grains of tins substance, have an 
asparagus-green colour ; and sometimes a verj 
delicate apple-green : they are shining and 
transparent : the fracture is conchoidal : there 
may, however, I think, be observed, a tendency 
to a sort of prism, with two planes cutting 
each other at right angles, which indicates » 
two-fold cleavage under that angle ; and it is 
certain, that the greater part of these grains 
sj)lit into fragments, shaped like small rec- 
tangular parallelopipeds, the bases of which are 
not planes. The other grains have the appro^ 
priate colour of olivine : it passes, by decompo- 
sition, from green to yellow, and from that to 
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browp ; the decomposed grains having an 
earthy aspect. In some places, a part of the 
substance is totally destroyed by decomposi- 
tion, so that, in the space formerly occupied by 
the olivine, there remains only a brown honey- 
combed substance, resembling a sort of net- 
work. I observed likewise in the basalt of 
this mountain, some grains of a black mineral, 
with a conchoidal and remarkably shining frac- 
ture, and very hard : it appears to me to be fe- 
lated to augite; but I shall treat more particu- 
larly of it in describing the mountain called 
HeulenbcFg, 

14* Somewhat more than six ^miles to the 
eastward of the Lichtewalde, near the source of 
the Mulda, on the frontiers of Bohemia, there 
is an oblong mountain, rising to a greater 
height than any which surround it It is cal- 
led Steinkopf. The lower part of the mountaia 

m 

^s composed of gneiss; the upper of porphyry. 
The basis of the porphyry is red, and clayey. 
Besides crystals of quartz and felspar, it con- 
tains numerous grains of hornblende : it seems 
therefore to be allied to the sienite, or rather 
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sieniteporphyry^ of Werner *^ There have, 
in former times, been considerable ironstone 
mines worked in this rock. Over .the highest 
part of the mass of poiphyry, is placed .a cap 
01 small platform of basalt, forming the autnnut 
of the moun4:ain. This cap is about 100 paces 
in diameter ; it is covered With a grassy tuifj 
through which some basaltic columns ar^ seaL 
On the top of the basal t, a cavity presents i(r 
self, from six to ten feet de^, and about thir^ 
teen feet wide : the walls are formed by the 
heads of columns, which diverge like the rays 
of a sphere, or rather of a hemisphere, the 
centre of which were placed in the middfeof 
the opening of the cavity. The basalt is veiy 
hard, and of a deep black colour. It contains 
grains of olivine, the fracture of which seemed 
to slicw a tendency to the lamellar ; and like- 
wise grains of magnetic ironstone. 

15. Near to the road from Dresden to Frgr* 
berg, and between twelve and thirteen miles 



^ Bfoctonti voL ii. p. 676, 
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£• N. E. from the iast-inentioned town, a moun^ 
tain may be observed of greater size than any 
in its neighbourhood. It is called Landberg 
(the Country Mouiitain). It is situated be- 
tween ' the Tillage of Hertzogswalde, and the 
irailey which contains the village of Grund. 
It is of an oblong shape : its upper part is 
rounded ; 'and the ridge of this part runs paral- 
lel to the valley. It is covered with wood. 

The fandamdnt^l rock is gneiss : on the side 
pext to Herzogswalde, it is covered with clay- 
alate/ but- every where else with a porphyry 
having a;basis of compact felspar. Above this, 
there is a bed -of satadstdne, on which the ba- 
•salt rests. In some places, there may be ob- 
^rved, immediately under the basalt, a sand- 
istone with a quartzy cement : the grains or 
pdbibles which are agglutinated by this cement^ 

are also of quartz, and they are sometimes as 

« 

large as one's fi$t This sandstone, with a sili<^ 
eeous basis, must not be considered as a mere 
variety of the sands tone which covers the por- 
phyiy, the cement of which is a ferruginous 
marl : it is a distinct 'Species^ belonging to the 
newest floetz-trap foripatixni' I have qbaerved 
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it likewise in the basaltic mountains of Bohc^ 
mia and of Hessia. 

The basalt of the Landberg covers a space 
of between 1700 and 1 900 square feet; but it 
is nowhere exposed to a sufficient extent, to 
enable me to determine its precise dimensions 
in length, ^breadth and thickness, or to men- 
tion the kind of division to which it is indiih 
ed. Towards the top of the mountain, at the 
outlet from the wood next ^o Herzogswalde, I 
found a quarry opened in the basalt : the bar 
salt was there divided into layers, so that it had 
a schistose appearance. This division into lay- 
ers, must not be mistaken for a kind of strati- 
^cation ; for the seams of stratification stretch 
to great distances in rocks ; they generally uBf 
dergo different inflections, and they run nearly 
parallel among themselves : whereas here, there 
were only groups of small straight laminas; in. 
each group, the direction of the layers was dif- 
ferent ; so that, for some time, I thought I saw 
only a collection of detached masses, heaped 
upon each other without any order, supposing 
every group of layers to be a separate mass : 
but at the bottom of the quarry, I perceivcil 



OHe group, the size and position of which did 
not leave any doubt in my mind that the whole 
were in their original situation. The basalt of 
this mountain contains some grains of olivine ; 
but otherwise, it presents nothing particular. 
On the eastern declivity, near the middle 

of the forest, and in the rock, there is a cavity, 

•' ■ • ■ . ' . • . . ■ 

which is called the dog's pit, (Hundsgrube)> 
and which the schoolmaster of the village, who 
acted as my guide, assured me was the crater of 
an ancient volcano. It is a hollow about ten 
feet deep, and eight feet wide ; the bottom is 
covered with fragments of basalt, which have 
been thrown in by passengers, and which ren- 
der it impossible farther to explore the depth 
of this supposed volcanic abyss. Its walls arc 
>hung with moss; they consist of a soft of 
earth, rough to the touch, of a dark grey 
^colour, and which has probably been produced 
by the decomposition of the basaltic rock in 
which the hollow is formed. The rough- 
ness mentioned, seems to proceed from small 
.grains of the basalt, not yet reduced by decoip- 
position. There occur also larger pieces 
. of solid basalt } they are rounded^ almpst like 

D 
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pebbles, ahhough every appearance convinced^ 
me that they were rtill lying in their origrnaF 
position : they are merely parts of the basaltic 
mass, which, perhaps in consequence of a dif- 
ference in composition, have better resisted the 
decomposing power. I further found in this 
earth, small masses of a species of lithomarg^ 
bearing a general resemblance to certain hy- 
drophanes : it is of a bhiish-white colour ; but 
its surface presents some yeUowish-brown spot^ 
and rays^ occasioned by a femi^nous odire : 
its fracture is dull, and smaU conchoidat : die 
fr&gments are sharp-edged : it is translucent off 
the edge : soft, and veiry 90ft : smooth, or 
somewhat greasy to die touch: very easily 
frangible : it acquires a little histre when scrap- 
ed : adheres very slightly to the tongue : plieed 
in water, it splits with a slight confiised nois^ 
and falls to the bottom, without forming a 
paste* 

iC. The small hill known by the name o^ 
ifM^tfr^An^eA (Hill of AdiesX is situated on 
CHiiittuuation of the Landberg about a 
ami a half towards the south^tast^ near to 




houses cdltd SpeUserkata, and hi the middle 
of a forest The body of the hill con- 
sists of sandstone^ and its summit of basalt. 
This summit is of the shipe known by the name 
xyfdoid^&m; the fidgebeifig inclined some degrees 
towards the S. S. W^. tt is 230 feet long, and 
130 broad. The most elevated point of the 
tidgt is iibt thirty feet above the sandstone^ 
On the S- S. E., and N. N. E. declivities, no 
fragments of basailt are to be found at the dis- 
tance 6t more than teii pacfes from the begin- 
ning of the basattic summit : on the south side^ 
the ffagiiients extend 156 paces down : and* on 
the north side, where the decfivify is most ra- 
pid, I did not discover the sandstone nearer 
than 300 paces; but as the whole is cover- 
ed with grass- turf^ I cannot say that the basaU 
tic rock eittends to this distance. I am inclin- 
ed to believe^ that it does not extend much be- 
yond the dos ffane portion of the hilt, the di- 
tensions of which have been alreacfy men- 
tioned. 

A quarry which is situated on the highest 
|>art of the basaltic eminence, enabled nie to 
bTljterve ihe stracture of the basalt. It is diviff* 
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ed into irregular columns, which stand nearlji' 
vertical ; they are from six to ten inches thick, 
and from six to ten feet high. One extremi- 
ty of some of these columns consists of granu^ 
lar distinct concretions, while the other ex- 
tremity is entirely compact This basalt 
contains some grains of olivine, the colour 
of which passes from green to brown, ac- 
cording to the degree of decomposition it 
has undergone. I also observed in it small 
nodules or balls, some of them the size of a wal- 
nut, consisting of a whitish earthy matter, 
opaque, and rough to the touch. And in some 
places of the basalt, I likewise found frag- 
ments of sandstone, many of them . about two 
or three pounds weight. 

17. The small town of Altenberg, situated 
twenty-five miles to the S. E. of Freyberg, is 
built on a great oblong mountain, called 
(icLmffgensberg. It terminates en dos ffane^ ax^^ 
Its ricigc runs parallel to that of the chai^^*^ 
from which it is distant about three miles, 
which it nearly equals in height About t: 
middle of the mountain, a large nrotuberan. 



appears, the aspect of which recalls the idea of 
the hunch on the camel's back : it is covered 
with fir-trees: the rest of the mountain con- 
sists of tiUedt lands, and of pasture-grounds. 

The mountain is more than three miles long : 
it is traversed by a great number of subter^ 
laneous passages, intended for the working 
of mines ; among others, by a gallery more 
than a mile long. Notwithstanding these ad^ 
vantages, I am not able to describe with preci- 
sion or confidence, all the particulars of its 
structure. I shall mention what appeared to 
me the most obvious facts. Towards the mid- 
dle, its mass consists of a quartzy substance, 
impregnated with chlorite earth, which gives it ^^ 
green colour; this substance contains tin-ore, dis- 
seminated in small grains, sometimes scarcely 
visible to the naked eye. This ore is the ob- 
ject of the great mining operations of Alten** 
berg. Towards the west, may be observed, in- 
cumbent on this quartzy matter, a great 
*^as8' of porphyry, with a basis of hamstone, 
^probably compact felspar), containing chiefly 
a. * large quantity of crystals of quartz, belong-^ 
ii:^ to the dodecahedral variety described by 

j>3 
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Haiiy, and oip a dirty smoke-grey colour* «Ta- 
wi^rds the east, again, the quartzy st^bstance if 
covered with gneiss; but the 6|i^itig« ^ 
the strata <^ gneiss do not apptMr at day; 
they are hid by a porphyritie aienite, which con^ 
stitutes the eastern part of th^ mDHQtain* Thii 
aienite is composed of felspar in large graiosi of 
a deep red colour, and of a little commoQ 
hornblende, in small grams, of a greenish oo»* 
lour : it likewise contains fine crystals of f^^lspar, 
nearly two inches long ; they are of a delicate 
flesh*red colour, and appear to belong to thf 
variety bibinairt of Haiiy, 

From the middle of the mountaiiiy thua com^ 
posed, the protuberance already mentioQed 
projects. It is shaped like a large flattened 
dome : its circumference is more than 90Q0 
feet, and its ascent about 16Q feet. A cart* 
way which conducts in a spiral direction to iti 
summit, and in forming which it has in aeme 
places been necessary to cut about four ftet 
down, afforded me an opportunity of ascei^ 
taining that the whale of the sur&oe of thi% 
dome is composed of loose pieces of biifil^ 
which ai*e evidently fragmenta of priams; 



£)rm proves also, that they bave not been rol- 
led ; they lie i^ a black earth, which is the pro»* 
iluct of their own decomposition. On the 
highest part of the dome^ there is a group of ver* 
tical columns, which plainly remain in the same 
place where they have been formed : they are 
about ten inches in thickness, and their bases 
form very irregular hexagons* Probably the 
whole dome is cxunposed of similar columns, 
which may be hid by the fiagments visible at 
the surface. 

The basalt of this mountain is in general of 
a deep greyish-black; its fracture is small- 
grained uneven: it is very compact, hard, 
and di^cultly frangibli?. It contains a great 
quantity of olivine, in larger or smaller pieces, 
some of them the size of hens eggs; they are com^ 
posed of granular distipct concretions ; in some 
grains, the fracture seemed to shew a tendency 
to the foliated, but in the greater part it is 
conchoidal : the colour varies from apple-green, 
2ttid asparaguSf^green, to olive-green. Olivine, 
as is well known, decomposes very readily ; it 
^ence happens, that in all the numerous frag- 
Qo^cnts of basalt which are found op the moun- 

d4 
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tain, the space which it occupied at their suiw 
face is entirely empty. I examined with at- 
tention the form of these spaces ; it is evident^ 
ly the same which the grains of olivine had as- 
sumed during their formation : the greater part 
are, it is true, irregular and angular, but some 
of them seemed to me to incline to a kind of 
regularity : a section of one sort shewed a 
hexagon, of which the two opposite sides were 
longer than the others ; while other sections pro- 
duced a rhomboidal figure : perhaps these last 
may have been made lengthwise, or perpendicu- 
lar to the length of the grain of olivine, while 
the former may have been made crosswise, or pi* 
rallel to the grain. I do not mean to affimi, 
that the olivine which occupied a similar space, 
was precisely a crystal possessing the form which 
would result from the combination of these two 
sections ; but only that some inference may per- 
haps thence be drawn concerning its crystaliinQ 
forms: for 1 have found, even in basalt \. 
masses of felspar, the form of which approach:! 
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ed^ that assumed by this mineral when its 
crystallizatioa has not been constrained.— rThe 
basalt of Altenberg contains, besides, some 
widely scattered sm^li grains of calcareous 
spar. And I observed among the olivine, a small 
crystal, which, from its deep colour, its frac- 
ture, and its hardness, I was inclined to 
consider, as augite ; but I did not examine 
it with sufficient precision to enable me to de« 
cide. 

18. Luchauerbtrg is a mountain situated 
about ei^teen miles to the.W. S. W. of Freyi^ 
berg, and between two and three miles to the 
S. W* of the small town of DippoUwalde. It 
IS shaped like a cone, nearly isolated on every 
side. Its summit is about 1000 feet above its 
base, and forms the most elevated point in that 
neighbourhood. The upper part of the cone is 
covered with wood; the rest is occupied by 
pastures and cultivated fields, . 

The base and ; the chief mass of the moun* 
ts^n, are of gneiss ; : which, like all the surround-: 
ing primitive rock, is covered with porphy ry- 
On the, west side, porphyritic sienite occurs; 
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tua the €ftst, we find only the <Mtiinary porpfajrr 
ty of the coiiBtry ; ifeB cepscat or basis appears 
to be compact fi^par ; it contains dodecahedra} 
erystals of quartz, of a deep snaoke^grey co«- 
lour. 

A summit or cone of basalt rests upon this 
porphyry; its hieight is about 100 feet; and 
it indines to tbe boriaton at an angle mf 
ftO or 00 degrees. The nakpd rock noirhem 
appears; the whole cope being covered with 
amorphous fragments of basalt, which are con- 
ftuedly heaped together. Hie people say that 
die summit is entirely composed of such iragr 
ments ; nothing, however, ca|i be more certain^ 
than that the centre is solid— •The basalt is of 
the same general nature, as that at Altenberg j 
but it contains only a few grains of olivine aad 
of hornblende. 

When 1 had reached the summit of the moun« 
tain, I was overtaken by a storm acoompaniec) 
with heavy raiq. I sought an asylum ; and i 
fbund one, thou^ it proved but slender, 
under the branches of a small tree, whidf 
grew in a little hollow, between six and seven 
feet deepi situated exactly at the top of th^ 



•one. A wictuist wwdd not have fktlcii to 
regard this hole as an ancient enter. I de^ 
icendtd themfoop into diis domain of Vulcatt» 
willing to avail tnyself of the sbdter wht^h it 
seemed to offer ipe against the fury of Nep* 
tone. JBut I mustconfeas my ingratitude; fbrl 
kft this mountaiti, like those which I had aU 
ready examined, without heing aUe to »• 
cogatze and admire the lahcmra of the god of 
fire. 

Between Altenberg and Liichauerb^g, firagw 
ments Qf basalt are fbund in the Belds i they art 
probably the remains of some former basaltic 
eminence which no longer exists. These fng* 
ntents are used as a flnx at the iron foundery of 
Schmiedeberg. I have seen basalt employeil 
for th^ same purpose near Johann^Qeorgenstadt 

19. If any one, in leaving Dresden, looks 

* ■ 

towards the phain of mountains in the S. W», 
he will perceive near the village of Cotta, a 
point rising* above the chain. It is called 
Cottimcr^fSpitUf and consists of a cone of ba« 
salt; reatinlg oa sandatonOt I had not per* 
sonally an opportuiii^ of <»(flfluning that 
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mountain. I was told that the basah::;i« 
tolumnai ; that its colour is a deep black ; that 
it is compact; and that some traces of coal 
are perceptible in the sandstone. 

; so.. Near the frontiers of Bohemia, about 
fifty miles to the east of Freyberg, there is a 
very narrow valley, which runs between high 
sandstone mountains, of the most picturesque 
appearance. . The town of Schandau is situated 
at its outlet In 'tracing up this valley, we come 
to the foot of the hill named Heuknberg. It is 
a huge mass of sandstone,, nearly of a conical 
form, but joined by its sides to the rest of thechain^ 
It forms a part of the vast deposition of sand^ 
stone which constitutes the whole rock of that 
country. Near the top, the grain of the rock 
is coarse ; and its cement is a ferruginous marl, 
the colour of which inclines to yellow. The 
stratification is horizontal. 

From the highest part of the mountain, two 
small rocky eminences project like horns. Theses 
are groups of basaltic columns, a few feet in' 
height^ and aboht fifty paces in circuit. The 
groups. are>about twenty-five oi[ thirty feet di&^ 
tant from each other. The prisms are very re* 
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gular ; they have six, five, and often only four 
^ides ; and they are from three to four inches 
thick. When the fragments are struck against 
each other, they resound like the anvil under 

the hammer. 

' . • • . • . . . 

The basalt is black, and very compacts 
It contains numerous grains of ironsand; 
but is particularly distinguished for abound-* 
ing with a remarkable mineral, which I have 
found in several basaltic rocks. Messrs Reuss^. 
Von. Buch, and some other mineralogists, have 
noticed it ; but it has not yet received any ap- 
propriate name. It is of a black cplour, which 
on the edges of small fragments seems to be 
a greenish-black. It is found in grains, the 
size of which varies from that of a pea, to that 
of a walnut. Internally it is shining, and of a 
vitreous lustre, approaching sometimes to me- 
tallic. It divides into fragments which have 
the form of parallelopipeds, and the lateral faces 
of which are smooth and splendent; — facts 
which lead me to suppose that this mineral 
may have a two-fold cleavage, the one in- 
tersecting the other nearly at right angles. As 
to the transverse fracture/ it fs perfectly small 
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ooBclioidaL The fir^matts aie partly of an in* 
determiiiafe Ibmi, and partlj consist of small 
parayriopipcds : they are translucent on the 
edges. This mineral is besides very faard-^ 
From the description now given^ it appears to 
be intimately related to aiq;ite *. 

Near to Heulenbcrg^ Aere is a still higher 
and more bulky mountain^ caBed fFimterberg, 
(or the Winter-Mountain). I did not examme 
it ; but after my return from my visit to that 
eountry^ I learned that its summit is coveitd 
with basalt of the same sort with that which I 
have just described. 

S h Stolpen is the most remarkable of all tb^ 
basaltic mountains of Saxony^ for the beauty 
nnd regularity of its cohimns. It has attracted 
(he attention of naturalists, ever smce the Avf^ 
of >\grico)a t« I^ issitaated about eighteen mil^ 
to the east of Dresden, and forty-three to fb^ 
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* Prdlmbljr only a variety of atig^te. 

\ (^mirgc Agricola^distingHisbtd GfmM vk 
U\%\%i MvX metallurgist^ in the 16tb omivntf, is ta* ^ 
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ii. N. % of Frcyberg. The small town of Stol- 
pen is buiit on its declivity. 

The mountain is of an obkmg shape ? its ii6gt 

lies parallel with that of the chain, fVom which 

it is distant somewlmt more than twelve miles. 

Towards the middle, in the long direction^ 

there appean a sort of swell, which assumes the 

fbrm of a cone, having its sides inclined to the 

horizon at angles of from 10 to 15 degrees^ 

Over thi^, lies a mass of basalt ; and upon it 

is built the Castle of Sbtdpen, which is flanked 

^itfa font high towers ; so that this spot is the 

^ost elevated and conspicuous in that part of 

The country. From the bottom of the swell, to 

The surface of the court of the castle, is above 

SCO feet of perpendicular height; and the 

summit of the mountain rises 800 fbet above 

file plains of Leipsig. The whole body of the 

fnoantain consists of granite : the felspar i» of 

a bhrish-wirite colour, in grains of difibrenf 

^2es; the quartz is ash'grey; and the mica, 

^hich is generally in very small quantity, isc 

blackish : in some places, however, tliis gra- 

<ute is very small-grained, and abounds with 

mica. 



64t ON THE B^rSALT OP SAXONt# 

The basalt seems to rest on the gnmite : I 
cannot however assert that it is immediately 
superincumbent; for in some places I obser- 
ved, above the granite, a sort of wacke, which 
may prove to be interposed between them* 
The rock being almost every where covered, I 
had no opportunity of seeing the surface of su* 
perposition : it would be difficult therefore to 
ascertain the point where the granite stops, 
and the basalt begins. I can only say, that I 
always observed the granite to be situated at 
least SOO paces from the walls of the castle, on 
the south-west, the east, and the north . sides* 
It seems probable, . farther, that the mass of 
basalt commeuces where the acclivity becomes 
suddenly rapid, and indeed nearly vertical If 
this be the case, the basaltic mass, as far as y; 
is exterior to the mountain, must be about 650 
feet long, 325 broad, and 130 feet high: its 
form must be nearly that of a truncated py- 
ramid,. the base being a parallelogram, and thp 

sides having a very small inclination. Itsuppex 

• • . ■ '. 

aurface is surrounded and covered by the walls of 
the castle. In the centre the mass is thicker, 
Hiul sinks deeper in the mountain, than at kr 
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lateral edges ; for in the court of the castle, a 
U'^ell has been dug to the extraordinary depth 
of 290 feet: the water in this well stands 228 
feet below the surface of the court, and on a level 
with a small lake situated at the foot of the swell 
formerly mentioned. The nature of the rock, 
at the bottom of the well, is not known ; but 
some years ago, a mineralogist, whose accuracy 
may be depended on, descended to the surface 
of the water, and he declared that the walls of 
the well still continued to be of basalt at that 
depth. It thus appears, that the basaltic mass 
is at least 288 feet thick at its axis or centre ; 
while at the part of its margin which I exam- 
ined, it was only from 130 to 160 feet in thick- 
ness. No doubt, I cannot positively assert 
that it is not thicker at some places ; but that 
does not seem probable. I conclude, therefore, 
that the basalt here fills up a hollow, which 
existed in that part of the mountain before 
the basalt was deposited. 

The summit consists entirely of a collection 
of columns, placed beside each other like pil- 
lars in a building. The greater part are re- 
gular, and six-sided ; but I observed some with 

K 
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four, five, seven or eight sides. They are froi^r^'? 
eight to eleven inches thick ; and fourteen ^c:>^ 
sixteen feet, or perhaps more, in length. Tlrrae 
respective breadth of their lateral planes, vari^^ 
considerably, according to the inclination of th» c 
one to the other; while, as I have alreai^^ 
remarked, the general form approaches that of 
a regular hexagonal prism. To the westwarcJ, 
below the castle, is situated the great quarry - 
the columns are here nearly in a vertical posi- 
tion, only a little inclined towards the north i 
they are traversed, through the whole extent o'f 
the quarry, by parallel fissures, which divide therwn 

into floors or ranges, placed one above another - 
the workmen use no other tool, but a simpl 
lever ; with it they easily dislodge the column 
which do not at all adhere together : frequents 
ly indeed they are separated by a thin bed o 
earth, which is produced perhaps by the decom 
position of the basalt, and which, when dried, 
gives the columns the appearance of being 
clothed with a sort of bark. To the south, the 
rock is covered with grass. Towards the S. E., 
a basalt rock projects from the turf: it is divid- 




^d into plates about four inches thick, and 

^w*l:iich have an inclination of ffO^ or 80® to- 

w^ards the west To the east, on a terrace in 

tl^e garden of the overseer, there is a fine group 

^"f vertical columns, from three to six feet 

^igh, more or less. Towards the north, on 

tVie margin of the castle-ditch, some scattered 

c^ciailumns may be observed rearing their black 

^^^ads above the grass and bushes which cover 

.e ground. In the court of the castle there 

.s been allowed to remain a fine group of 

lumns, rising to the height nearly of twenty 

fie^t, and about fifteen feet in circumference. In 

aximother part, the floor of the court consists ota 

s^?^<:tion made transversely through the prismatic 

columns, which are so regular in shape, 

s^^^d so nicely arranged by nature, as to prc- 

s^^xit the exact appearance of a pavement made 

^^ith hexagonal flags. The walls of the castle, 

^^d the fortifications, are built with columnar 

Masses, bedded on each other. 

The basalt of Stolpcn is black, with a bluish 
^^Tit When a column is broken, the fracture 
appears even, or very fine grained: when a 



i 
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small bit is chipped off with the hammer, it is 
imperfectly large conchoidal ; and the fragpnents 
are sharp-edged. In some places, particularly 
to the S. W.J it occurs in granular distinct con- 
cretions, which ate very easily detached. I 
have seen columns which were granular at one 
extremity, while they were perfectly compact 
at the other. 

This Stolpen basalt, which is so hard as al- 
most to emulate iron, contains some small 
round cavities, the walls of which are often 
invested with a coating of calcedony, thus 
forming a small geode. The interior is some- 
times set with quartz crystals; and sometimes 
filled with green steatite. At other times, 
these cavities contain small balls of calcspar^ 
of zeolite, and of a lithomarge resembling semi- 
opal. The basalt further contains a few small 
grains of olivine, and a number of black shin- 
ing points, which are either hornblende or 
augite: these points are hard, striking fire 
with the steel. In a small mass of a substance 
which appeared to me to be olivine, I obser- 
ved a cavity studded with crystals of quartz^ 



Ilie columns of Stolpen are employed as 
T^^^ts or boundary-stones on the roads, and in the 
'^tnreets of the neighbouring towns ; and they 
^^^e sometimes pkced in giardens and pleasure* 
^Toundsy as objects of decoration. The ba- 
salt is used also in the manufacture of bottles, 
"^hile walking about the church-yard of Stol- 
pen, I remarked a group of basaltic columns, 
t:astefully placed over a grave. Such a sight 
could not fail to bring to mind the recent 
loss of the celebrated geologist of France, 
CDolomieu), who has treated so well of ba- 
salt ; and I could not help thinking that a si- 
niilar simple mineralogical trophy, might with 
propriety be raised over his tomb, as calculated 
to perpetuate the memory of his labours. In 
former times, a sphere circumscribed by a cy 
linder was placed over the sepulchre of Archi- 
^f^edes, — a spiral logarithmic curve was inscrib- 
ed upon the monument of Bernouilli ; and both 
emblems were equally fitted to recall the at- 
ticntion of posterity to the discoveries and writ^ 
ixigs of these eminent men. 

22t In some places in Saxony, basaltic sub? 

£S 
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stances are found constituting the mass or 
body of veins. 

In going from Tharand to Dresden, rather 
less than three miles from the latter place, near 
the opening of the valley called Plauischen- 
Grundf and on the left hand, two veins may be 
observed in a sienite rock. They have an in- 
clination of about 80^ to the north: the one 
is three feet thick, the other about one foot. 
Their mass consists of a substance which Wer- 
ner has considered as basalt * but which appears 
rather to be a greenstone, or hornblende rock : 
its colour is a very dark greenish-grey : at first 
sight, its fracture seems earthy ; but when ex- 
amined with attention, a great number of small 
filaments are observable, which are nothing but 
common hornblende, (a substance intermediate 
between the amphibote and actinote of Haiiy) : 
its fragments are blunt : in hardness and in 
specific gravity, it is inferior to true basalt; 
and some specks of mica are discernible in it. 
The mass of these veins is divided, by fissures, 



♦ Theorie des Filons, p. 95. — (p. 77. of Dr Ander- 
fon^s translation, 8vo. Edin. 1809). 
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into very irregular prisms, placed horrizontal- 
ly above one another, like logs in a timber- 
yard. 

About thirty miles to the south of Freyberg, 
near Volkenstein, the road is traversed by three 
veins of a substance somewhat allied to ba- 
salt. 

Not far from Annaberg and fViesenthalj there 
are still other veins of a substance having a 
close analogy with basalt. The quarriers call 
It wacke; and Werner has retained that name 
for it in his Oryctognosy *. In the mine of 
Marcus- Roshlikgf hard by Annaberg, I saw 
a vein composed of that substance : it is black- 
ishy and of an earthy aspect ; so very hard at 
first, that the miners feel it difficult to push 
their galleries through it; but when it has 
been exposed for some time to air and moisture, 
it softens and affords a sort of unctuous and 
blackish clay : it contains a great number of 
small white and powdery spots, on the nature 
of which I cannot pronounce. In another 
mine called GaliiUeische'fVirthschqfty a short 

£4 

* See Note^ antti^ p. 4. 
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distance from the formeri veins occur, compos** 
ed of Wacke of a similar quality : though its 
fracture is earthy in the small, it is conchoidal 
in the great ; that is, when large maisses are 
detached, the surface presents alternate con- 
cavities and convexities. At the extremity of 
a gallery, which had been pushed forward into 
a vein of this substance, I found it very hard ; 
but a few yards backwards, in a situation 
where it had been acted oh {by water filtering 
through the gallery, it was so completely 
softened, that I detached plates of it with my 
fingers, which I could mould and divide like a 
paste of fine clay. It contains a great num- 
ber of round cavities, some empty, and others 
filled with calc-spar; it likewise [exhibits fine 
crystals of black mica, and some grainy of 
hornblende. Its colour has a greenish tint; 
but some pieces which I observed out of the 
mine, and among tlie debris, were of a black- 
ish-brown colour, hardened and split into 
chinks. This vein of wacke accompanies an^ 
other, which contains ores of silver, and which 
appears to be older. 
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- Sincfe I have llius mentioned a vein the mass 
6t which has an amygdaloidal structure, that 
is, contaiils small vesicles, partly empty, partly 
filled ; I «hall state another instance, which 
I observed in the tin*mine of St Philip, near 
the town of Graupen in Bohemia. The mass 
of one of the^is^ins in. this mine, consists of a 
kind of wacke, or greenish clay, smooth and 
soapy to die touchy but ^very hard : it is full of 
vesicles, .of the shape and size of a pea ; some 
of these are empty; some are lined with a 
layer of calc-spar, and others entirely filled with 
a ball gf that substance. This vein cuts and 
traverses those in the same mine which con* 
tain tin-ores; it is consequently newer than 
them. 

23. In following, still towards the east, the 
chain of mountains of Saxony, we enter Lusa- 
tia and Bohemia. Very many of the mountains 
of these countries, have a covering of basalt : 
there are districts where that substance regu- 
larly constitutes the summit of every mountain, 
and where the valleys are strewed with basal- 
tic fragments. Tlie basalt is eveiy where simi- 
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lar in nature; it contains the same foreign 
matters, and presents the same peculiarities 
of repository and of structure. The only 
difference to be observed is, that, in Saxony, 
the basaltic hills are situated near to the 
highest mountain- ridge : in Lusatia, on the 
contrary, they are nearer to the foot of the 
range. In the latter country, there arc even 
some which project . into the plains, and stand 
completely detached. I shall mention one in- 
stance of this. 

Near to Gcerlitz, the chief town of a district, 
there is a mountain known by the n^me of 
Landscrane, (or the Crown of the Country). 
It forms a great cone, rising to the height near- 
ly of 1000 feet : it stands entirely isolated in 
the plain, and detached from the moun- 
tain-chain, from which it is about six miles 
distant. Its acclivity is gradual up to the com- 
mencement of the basaltic summit: there it 
suddenly becomes very rapid. Its form is not 
perfectly conical : it has rather the appearance 
of two cones, nearly equal in height, which 
have been inserted into each other, so that 
their axies remaining constantly vertical, only 
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die two siiinmits are separated. The body of 
the mountain, for three-fourths of its height, is 
granite, the rock of which the neighbouring 
country in genetal is composed. The basalt of 
the summit is divided into columns; some- 
times also into plates or layers. On the plat- 
form above, a tower has been built : at the foot 
of this, some pits have recently been excavated : 
the most considerable of these is about twenty 
feet deep, and as much in breadth : its walls ex- 
hibit irregular columns, or rather nearly vertical 
pillars, from two to three feet thick. The basalt 
is less hard and less compact than that of Stol- 
pen. Of foreign materials, it contains only 
some grains of olivine, and some shining 
specks. 



PART III. 

RESULTS DEDUCED FROM THE PRECEDING 0B« 
SERVATIONS, REGARDING THE FORMATION 
OF THE BASALT OF SAXONY. 

$ 24. It is a circumstance. which must im- 
mediately Strike an observer^ in casting his eye 
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ft 

over the mountains of Saxony, that basalt is 
to be found only on their summits ; it lies over 
all the other mineral substances of which they 
are composed, but never under them. The in- 
terior of many of these mountains has been 
well explored by means of numerous subter- 
ranean operations, undertaken with the view of 
working the metallic veins which they con- 
tain ; and galleries have even been carried quite 
under some of the basaltic summits, (§ 8, 9^ 
10, 17); yet no internal cavities or openings 
have been discovered, nor even any marks of 
rending, which might permit the supposition 
that the basalt had issued from below. The 
inevitable conclusion therefore is, that it has 
been deposited from above ; and that it consti- 
tutes the portion of these mountains which has 
been last formed. 

Among the fifteen mountains with basaltic 
summits, which have been described, we have J 
found three of the summits resting immediate- 
ly upon granite, (§ 13, 21, 23); one upon 
gneiss, (§ IS); one on mica-slate, (§ 11); three 
on porphyry, (§ 14, 17, 18); four on sandstone, 
($ 2i, 16, 19) SO); and three on bedsof gravd, 
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sand, and clay, (§ 8, 9, 10). It seems, there-^ 
fore, reasonable to conclude, that the basalt of 
Saxony is of a formation less ancient than the 
granite, gneiss, and other rocks which consti* 
tute the body or mass of the different mountains 
of that country. Indeed it is evident, that 
its formation must be comparatively recent, 
since we find it to be posterior to that of loose 
sand and gravel. 

25. Since we find the basalt resting indis^ 
criminately oil all the different kinds of rocks 
which have been mentioned, yet possessing al- 
ways the same structure and the same charac- 
ters, being in fact completely and uniformly 
the same substance ; we may further conclude^ 
that in its nature it is quite independent of 
the rock on which it lies, and that these have 

ft 

absolutely no relation to each other. 

. i6. When the rocks on which the basalt 
rests are stratified, the surface of superposition 
is not parallel to the direction of the strata : 
for instance, at Scheibenberg, (§ S), the beds 
of gneiss and of mica-slate, which form the 
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body of the mountain, have an inclination of 
60' towards theN. E., yet the surface of super- 
position of the basaltic platform is nearly hori- 
zontal. It hence clearly appears, that, before 
the basalt had been deposited on these moun- 
tains, they had undergone considerable changes 
and disintegrations; and it is therefore pro- 
bable, that a great space of time had elapsed be- 
tween the formation of the mass of the mountain, 
and that of its basaltic summit. (See Note A). 

27- If basalt be carefully compared with 
other rocks, each of its particular 'characters, 
taken separately, may be recognized in them. — 
Thus, its black colour may be observed in seve- 
ral species of shale, particularly in alum-slate, 
in Lydian-stone, and in various rocks which 
have hornblende for their basis.— Prismatical 
division occasionally occurs in porphyry, marl, 
burnt-clay, and in the gypsum of Mont- 
Martre near Paris : Not far from the village of 
Grund, between Freyberg and Dresden, there 
is a mountain of porphyry, in which that sort 
of division occurs in, the most characteristic 
manner : further, a particular variety of clay- 
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ironstone always assumes that form, which has 
led Haiiy to give it the name of baciUaire*.—^ 
There is nothing particular in the specific gra- 
vity of basalt: it is three times greater than 
that of water ; but, not to speak of metals and 
their ores, we know, that in the class of stones, 
all those of the barytic genus, with garnets, 
and others, have a specific gravity more than 
four times greater than water. — Basalt contains 
crystals and grains of foreign substances ; but 
such are found also in every rock which has a 
porphyritic structure. Through such rocks, the 
^ystals are nearly uniformly and equally disse- 
^^inated ; and they are interspersed in the same 
^^y in the basaltic paste, and scarcely ever 
ff^ouped. — ^The minerals which are more particu- 
larly found in a crystallized state in basalt, and 
^hich seem indeed peculiarly to belong to it, are, 



* Fer oxyde rouge bacillaire,— Columnar clay-iron- 

^^i^e of Jameson. A bed of this rare mmeral occurs 

* little way south from the Cock of Arran ; and here 

^e action of the sea has exhibited a beautiful dis- 

P*^y of the regularity of its columnar concretions.*"^ 

^v. Mr Fleming's Sketch of a Tour to Arran, Scots 

**agaaine for February 1808. T. 
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basaltic hornblende, olivine, augite, leucL 't:€, 
foliated and cubic zeolite, and magnetic irc^i:i- 
stone. Now, basaltic hornblende occurs in tlic 
wacke which occupies veins in Saxony : n^nr 
Braunau in Bohemia, I observed olivine in. ^ 
hornblende rock : augite is found in the g^"^* 
nite of Norway : Dolomieu * mentions t^is 
having observed leucite in the rocks of tXic 
Pyrenees, and in vein*masses from the gol^' 
mines of Mexico : I noticed a great deal ^^ 
foliated zeolite in the veins of Andreasbe:^S 
in the Hartz, and it is equally common in tlr^^ 
mines of Allemont: lastly, crystals of ma^^' 
netic ironstone abound in chlorite rocks.— Tlr^^ 
tesselated and porous aspect which has \ot9 S 
been considered as exclusively characteristic C^* 
basalt, and of the products of fusion, I har^^^ 
remarked in quartz, in calcareous rocks, in o 
of manganese, and particularly in bog iron- 
ores. Some of these last, which are formin 
almost under our eyes, in the swamps of^^ 
Lusatia and Silesia, abound so much with vesi« 
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,^ular cavities, that they resemble a sponge^ 
Such rounded cavities or vesicles, whether 
-empty, or filled with greeu-earth, calc-spar, 
st^eatite, calcedony, or forming geodes, occur 
in many other mineral substances, particularly 
in the toadstom of Derbyshire: There is at 
Finkenhiibel, in the county of Glatz, a rock 
containing petrifactions*, and at the same 
time abounding with such balls of green-earth 



* M. Von Buch, in his Mina:*a]ogical Description of 

the Environs of Landeck, thus notices the fact : << It 

is very renlarkable, that, imbedded among the round- 

'^ masses in the substance of this amygdaloidal 

>vacke^ some turbimtea make their appearance ; they 

^Te the same colour as the wacke ; they are hollow, 

^nd in a good state of preservation ; indeed they 

l^Te tended to save the rock which- contains them, 

^^i:t)m disintegration. If pains were taken to search 

other parts of the hill, more of these petrifactions 

^^>aight probably be found.*" Though I myself, when 

^t Finkenhiibel, did not happen to observe these petri- 

^Ecicdons in situ, the fact of their' occurrence is not the 

1<^88 certain ; and indeed M. Von Buch sent specimens 

^^ the wacke, including turbinites, to the Museum of 

Natural History at Berlin. See Journal ie Physique, 

*• 47. p, Ifi7. A. 
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and calcedoijjr : and I have 'already, ut § ilSl., 
spoken of the ni^ss or body of s^v^ral vein%, in 
which I observed numbers of th^sfi l'0UB?d ve^icksj, 
both empty and filled with calcan^ojus ^ar.-^ 
Basalt altnost invari^y occtirs: ofi the sumniits 
of mountaifts ; but in Sotxcfi^y, fiorpbyry is very 
often found' in smiUar situatiojis : I shall in- 
stance only the moutitain on which is buUt the 
fort and town of Augustus, (A»gnstebui-gX and 
the Burgberg, six miles tq the S. E. of Frey- 
berg. — Basalt often forms isolated hills of a 
'Cfoftical shap6 ; lA Lower Silesia, however, be- 
tween Landshut and Waldenburg, the country 
is covered with lari^ge isolated and ironical bills 
tbtnposfed '6f jporphyry : tbifc faM6\is sandstone 
biUs.of Koenigsstein and Lilienstein, about twen- 
,ty utiles S. E. fro^n Dresden,* likewise stand dej- 
tichfed, and a^:e shape^d likfe trii^itated cbnei.--*- 

But i, shaft not pursue the comparison farther. 

• ' ^ ' - _ . , . . 

It is "no <ioabt tTue, that basalt ;posse9se^ 
^^6rt6 clttratlertStiCs, sbmfe fTrbpef ties Mf*fclJ 
seem peculiarly to belong to it; but every ki^d 
of rock is m the same predioamenrt;' granites, 
lAiists, and porphyries, have all of them tkeir 
particular characters, o^ their habits, if I pfiay sa 
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espreis niyselC It seems sufficient for tne 
to have pointed out in other rocks, all the cha^ 
meters and peculiarities presented by basalt, 
to entitle me to conclude, that it may have 
been formed after the same moBner, or may 
have had a similar origin ; and indeed I am au« 
tliorised to believe so, because it has not been 
shewn that it has had a difierent origin. Where- 
fore should we suppose Nature to deviate froni 
her ordinary course, while every thing testifies 
Uiatshe is not givei^ to variableness? If an 
agent or meati be extraordinary, it appears to 
me that we ought not to admit, it on that 
very account, if there be no proof of its ne- 
oessity. When indeed such mean shall be 
fthewn at least to be possible, which isfar fronv 
being the case here, it may then be proper to 
Claming: it by its consequences. All natu- 
ralists regard granite, porphyry, shistus, &c.^ as 
ptecipitates from a solution which had once co- 
vered the countries wher^ they are now found : 
-^I therefore consider the basalt of Saxony as 
s {xredpitate or sediment proceeding from a so- 
Intion which had at one time stood suspended 
wer the whole of that country. 



I 



84 ON THE BASALT OV SAXOKT. 

S8. In Saxony, basalt occurs only on the 

summits of mountains. Now, its being confis^ 

ed to those elevated spots, can only be account* 

ed for in one of two ways ; either the basaltio 

sediment must have been deposited onlyM 

the tops of those mountains where we nov 

find it; or it must, in the fonn of a bedtfx: 

great layer, have once covered tlie whole coi»t 

try, and the intermediate portions, which lie 

now wanting, must, from some cause, havebm 

destroyed and removed. There is absolutdy 

nothing to induce us to adopt the first of tfaM|j 

fwo opinions : it is too improbable. Existing^K- 

pearances are in favour of the second. Very li 

row valleys, or ravines, generally occur at 

foot of mountains which have basaltic summiti 

these ravines separate the mountains from 

another ; and are regarded, in the eyes of 

most all naturalists, merely as deep fa 

formed in the mass of mountain-chains. 

isolated situation, and the abrupt declivitia 

hills with basaltic summits, are certainly 

I the result of their original formation ; but haf^ 

proceeded from the destruction of the surrraodk 

\n^ rocks. Jh^ disintegration of former rocks 



ORIGIN OF BASALt. MS 

demonstrated by the existence of vast beds of 

jsandstone, and puddingstonei and by the exten- 

juve sands which cover so great a portion of 

iie surface of the globe ; for these substances 

evidently nothing but the detritus of prei- 

s rocks. In the mountains of Saxony, the 

Itic deposition covers the other rocks ; so 

t these could not be affected till after the de- 

ction or removal of the former. A single 

nee of one part of this chain of moun^- 

ins, . leaves no room to doubt that the basaU 

^c platforms, visible on many of them, did 

Ce form a continuous mass. Let what I have 

id concerning the mountains of Scheibenberg^ 

'cehlberg, and Bcerenstein, (§ 8, 9, 10), be cal* 

led to remembrance : They are three huge 

itcated cones, isolated, and placed so as tQ i 
jfiwrm the points of a nearly equilateral triangle^ 
e sides of which are about six miles long* 
e upper massive parts of these moun^ 
ins, are the highest in the neighbourhood^ 
d they are nearly on a level with each other* 
each of them reposes a great platform of 
lalt, nearly SOO feet thick. The batsalt Ues 
mediately on a bed of clay ; which agaia 

t5 
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'rests on a fine sand, the grain of which grovni 

gradualljr doarser downwards, so that at last it 

bfecomes gravel : the clay and the sand form ho- 

Ti^ontal beds, which, taken together, are only 

tome yards in thrckness. The basalt of all the 

three platforms, is divided into columns of the 

same shape, and size ; and it is absolutely of 

the same nature, containing an extraordinary 

quantity of small crystals or grains of basialtic 

hornblende. Thusj in these three platfbrms, we 

find the same form; the same substance, and 

above all, the same circumstances attending 

a very singular superposition t the identity 

is so striking at first sight, that it scarcely 

leaves time for reflection ; the observer being 

instantly constrained to conclude, that' these 

three platforms are parts of one and the same 

whole, and that they are the remains of a con- 

timious bed of basalt, which formerly existed 
. >- 
y^ at tiwit level. The resemblance is not, it is^ 

true, equally striking wheir we compare many 

other basaltic summits ; but still it is sufificient 

to entitle us to draw the s^noe general' concln-* 

sion. It is perfectly well known, that a mi* 

iieral bcd^ when of very gieat extent^ never pre- 



Iserves an absoteite hon^ogeneousness of sub« 
stance; never eontaitis throughout the samd 
foreign ingredients in similar quantity ; and 
hcvcr retains aH the same peculiarltfes of re- 
positoty, eispecialty when it partly rests on' 
alhivial soil.-*^From all that has been said, 
therefore,*! infer^ that the basaltic summits and 
platfonto of • the mountains of Saxony, zxt 
merely the shreds and remains of a Vast deposi- 
tion of basalt^ which had at one time co-^ * 
vered the whole of that country. 

S9- We ha vp just seen an instance of clay ac- 

tompanying ba^alt^ and serving as its siipport^i 

I'his factj which occurs in a pumber of places^ 

has forcibly struck pi9,ny geologists: theyh^ve; 

examined into it with care^ and have perceived 

tliat basalt h^s impprtan t gepgnoStic relation^ 

^vith clay* or rather with an intermediate 

substance which in Sa?cony i^ called xpc^(M* 

Werner,' speaking of Scheibeflberg, says, " \ 

here observed, in a progressive suite of gra^* 

d^tions, the. .mqst evident transition from 

d^y to , wacke, and from this to bi^salt ; 

the3e three ftub3taiices, are the product of the 

same fonnation ; that isj they are precipitates 



88 ON THE BASALT OF BAZOMT. 

or sediments from the same soluti<»i, which, il 
it became more and more tranquil, had suc- 
cessively deposited, first the clay, then the 
wacke, and last of all the basalt.'' Dr Rcuii^ 
whose name is well known in geology, 
informs me, that he observed, in Bohe- 
tnia, basalt resting immediately on an aigil* 
laceous substance ; and that the prismatic divi- 
sion of the basalt, was continued into the clay 
or wacke ; so that each column was composed of 
a very hard basalt at the one extremity, and 
of a soft clay at the other ; the two substances 
passing so gradually into each other, that the 
Doctor found it impossible to assign the line of 
separation. This fact is related in Dr Reus8*s 
History of Bohemia. Werner describes a simihu* 
appearance, (Note D.) I have already mentioor 
ed my having seen blocks of basalt, very hard at 
one extremity, and nearly soft at the other, 
and the probability that this state was the re« 
suit of the original structure, rather than a 
softening or alteration which had affected only 
one portion of the block. All these things 
stirongly incline me to admit the conclusion of 
Werner; and, in that view, basalt may* be 
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regarded as an argillaceous mass, of a black co« 
lour> impregnated with ferruginous matter, and 
whose particles have contracted a strong ad- 
hesion together *. 

30. When certain kinds of basalt are ex- 
aniined with attention, some small folia are 
observable in their mass, which appear to be 
common hornblende. In others, particular 
parts of the mass seem to consist of an assem- 
blage of small points, some blackish or 
greenish, and others white : when these points 
increase in size, it is distinctly perceived that 
they are grains of hornblende and felspar with 
a lamellar structure, which, by their aggrega- 
tion, compose the rock; the hornblende pre- 
dominating. Almost all the whlnstones of Eng- 
lish authors, are of this sort. Werner has given 
the name of griimtein (greenstone) to this gra- 
nular rock composed of hornblende and fel- 
spar >; and in default of a French name, I have 
adopted the German. When the grains diminish 
tso much in size, that the eye is unable to dis- 
<Mm them, and the mass seems homogeneous, 

ttie rock becomes basalt : so that the relation 

- " ■ - ■ - 

• Not* (f). 
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between basalt and greenstone, resembles that 
which subsists between common compact Iknc 
stone, and granular limestone, (saUn.) 

I might produce a number of examples to 
shew the existence of this relation between ba- 
salt and greenstone, ^nd the transition from 
the one to the other ; but I shall mention only 
one prominent instance, which. occurs in the 
most interesting of basaltic mountains which I 
have ever seen, Meisner in Hessia. This momr 
tain rises like a Colossus above all those which 
surround it. On its summit is a plain or flat 
about nine miles in length, and three in width. 
'V\\c mass of the mountain consists of limestone 
containing shells: over this are some thin beds 
of sandstone, and of sand : then a vast bed ot 
fonl, the thickness of >vhich, in some places, i^ 
ninety feet : immediatel}^ over the. coal, H^* 
w basaltic platform, more than 800 feet thiclf^ 
and which forms the plain above mentioned.- 
(I\)r fuller details, see Note C). 

Cirernstone is found almost everywhere 
the upper part of the platform. In some place^^ 
it has the appearance of a beautiful granite 
The gruius of hornblende are black or green^^ 
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ft 

kmdiar, andasiarge as peas; those of felspar 
are whitish. Oh the lower part of the platform, 
towards the west, we find basalt with prismati- 
cal divisibns, and as black, compact, and homo-^ 
geneous, to appearance, as any where to be met 
with, I' selected a suite of about a dozen of 
specimens, which presented a decreasing seriei;, 
in regard' to the coarseness of the grain, from 
the beautiful greenstone to the compact basalt 
which have been mentioned : And lest it might 
be objected to me, that these specimens may 
not have belonged to one and the same con* 
tinuous mass, I procured some, in which the 
granular substance^ but very fine-granular, is si- 
tuated in the midst of the compact, and each 
insensibly passes into the other. 

To prove still further the relation between 
basalt and greenstone, and the transition of 
each into the. other, I shall here produce a 
testimony nowise liable to suspicion, of 
high authority, and which ought doubtless to 
have great weight. Dolomieu, in treating 
of the monuments of antiquity which had beea 
bfought from Ethiopia to Rome, observes, ** I 
have seea laany^ sts^w^ vase^ and sarco^ 
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phagi, formed of black stones, possessii^ all 
the characters ascribed to basaltes^ and whidi 
have retained that name ; and I can affirm with 
confideDce, that these stones are not of vola- 
nic origin. Some consist of schorl in mass* of a 
foliated fracture like hornblende ; but the most 
common of these black stones, are of a com- 
pound structure,— a sort of granite, in which 
the scaly schorl prevails so much, that the a^ 
tire mass appears black : it is associated 
with white felspar, the grains of which are 
so small, or so interwoven with the scales 
of schorl, that it is often difficult to perceive 
them. Sometimes the felspar itself ^ppeaf^ ^ 
black, while it is really transparent, and only 
transmits the colour of the schorl with which ^^ 
is connected, and the hardness of which ^^ 
tends to increase. It sometimes liappens tb»^^ 
the felspar increases in quantity, and then t^^^ 
rock assumes, in that part, the appearance of^ ^ 
true granite,^ but which is only greenstone ^ 
** From thence proceed the veins and spots ^^ 
granite, which are found in almost all tl^ 



* Dolomieu means basaltic hombfeiuie^ 
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black rock-masses called basaltes, and the ex^ 
planatiofi of which has much embarrassed 
those naturalists who maintain the ignigenous 
origin of these rocks. In examining the an* 
tique basaltes, I have traced the passage from 
an almost homogeneous m^ss of schorl [basalt], 
to granite [greenstone], composed nearly of 
equal quantities of white felspar and of schorl ; 
the gradual transition depending entirely on the 
proportion of felspar and the size of the grains* 
These facts leave no room to doubt that all 
these rocks belong to thesame system of moun* 
tains *." 1 believe it is almost impossible to say 
any thing more plain, or more convincing, to 
$hew the transition from basalt to greenstone ; 
or to draw conclusions more satisfactory con- 
cerning their identity, and their formation f- 



\ 



♦ Journal de Physiqueyt 37. p. 195. 

-|- The relation between certain sorts of basalt and 
^enstone, has not escaped M. Desmarets* This^ au- 
thor examined the antique basalt in Italy, and found it 
to consist of a collection of small blackish folia, vari* 
pusly grouped. He observed great quarries, he tells 
psy of a rock perfectly similai> in. the JLijnosin near tQ 
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I shall, however^ stHl bring ibrwafd some ir- 
guments furnished by chemistiy *• 

All the proofs ivhich chemical anaAycds cat 
afford to shew the identity of twt> sabstsmce^ 
here concur. Two fragments, one of bamk^ 
and the other of greenstone, analyted by tfait 
distinguished chemist Dr Kennedy, according to 
the same process, afforded the same oonstittteot 
parts, and, with a very slight difief ence, in die 
same proportions ; as may be seen' in the MkfW- 
ing table : 

SiKca, 46 46 

Alumina, 16 19 , 

Lime, ; • 9 8 

Oxide of iron, 16 !7 

Water and volatile mattars, .... S 4. i 

. Soda^ about 4 3^ 

Muriatic acid, about 1 1 

Loss, • . ... 3 1^ 

100 100 

Tulle, and also in Auvergne. He proposes to give tbe 
name o{ gabbro to this substance. The ^6iro, there- 
fore, of M. Desmarets, is to be considered as a rock et» 
tircly composed of small {[rains of hornblende. . Be 
mentions a variety, in which the hornblende is mixed 
with felspar, in spots or folia differing in sise slid b 
frequency.-— Jlf^. 9ur U BasoJUc, part. 3. art i. A* 

• Note (g). 
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Thfe b^isalt-thus aaMyzed, was la fra^eiit of 
the famous coltitnns of the 'ts^lamd of S^affk ; it 
was of a bitiish-biack oolour/of a fine gram, 
wd homogeneous textilite; its specific grivi- 
^y £&:S.<87* The ^enstam* analyzed, is caUed 
by the Dotkor whmstone cf' SaliMny "^ it wis 
ati 'aggi-egalte of hornbilehde, a^d of felspar 
mOre: fusible than cohmioiB It^lspar ; its specific 
gravity =1B.86 f- These two initlerals, therer 
fore, lAuat be constdei^ as the same sC^bstance, 
since we find th^m to be cbinpos€4of the same 
ingreditkits. The only dtflfereoce ^eistios to be 
that, in the cise of the' greensto&e, the coasti- 
tui^nt parts haV^ had tiine to attract each other, 
and to ooalesce according to the laws of their 
chemical affinities ; while, in the basalt, they 
l)ad united in a Confused jmanner. 

From melted basalt, a blackish glass is ob^ 
taiised : J have already stated, that in Saxony 
bottles are doadeof it. Greenstone affords ^ 
gl^s of the same quality, of which buttons are 



•*m^^^m^i^mmd^> 



* Salisbury Craig or Crag, in the immediate vicini 
tj of Edinburgh, is alluded to. T^ 

f Annates de (fhimie, rentose an lO. 
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manufactured in Franconia*. AtEdinboigb, 
Sir James Hall made experiments on the melt- 
ing of whinstone (greenstone), and of basalt, 
and obtained from both a glass of the same oa* 
ture, which, on being again melted, and cooled 
slowly, afforded a substance of a stony aspect; 
and bearing a resemblance to basalt. In tbese 
ex])eriments, the heat had merely overcome die 
original mode of union between the constituent 
parts, whether of greenstone or of basalt ; and 
the slow cooling had produced a second mode of 
union, which was the same in both substaocea 
Now, in that second state, the substances 
being identical, it is fair to conclude that they 
are composed of the same constituent parts: 
but they must also originally have been so, since 
nothing has either been added or taken aw:^* 
]n short, they naturally diiier only in this^ that 
the union of the constituent parts is crystaUmeiB 
greenstone, and in basalt amfused. So that, if 
the crystalline aggregation be destroyed, andin 
place of it l>e substituted the confused, which 



* J^^mal dt /^ynfve, germinal an 7. 
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has prevailed in the fonnation of basalt; then 
the same constituent parts, which had form- 
ed a greenstone, afford a mass of basalt, as is 
proved by the slow cooling in the Edinburgh 
f xperiments *. 

From all that I have now said, I draw this 
conclusion. That basalt is a compound con* 
sisting of the constituent parts of hornblende 
^nd of felspar; but that the precipitate from 
which it has resulted, having been rapid, or 
perhaps disturbed by the intermixture of some 
heterogeneous substances, and possibly by the 
superabundance of one of the principles ; these 
constituent parts have coalesced in a confused 
manner : had circumstances favoured their uni- 
ting together agreeably to the laws of their re- 
ciprocal affinities, they would have' formed a 
compound of lamellar grains or hornblende and 
felspar, that is, a greensttm^, 

SI. This fact appearing to me to be placed 
beyond doubt by observation, and by the re- 
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suits of chemical experitnent«, and fiirther, tpb 
explanatory of the formatioa of basalt, and to 
essential to it ; I think myself entitled to inalc=ic 

use of it as a definition : thus, — Basalt is a coa 1- 

pound of liornblende and felspar, but in s«fa^==h 
minute particles, that the eye cannot distingui^^-h 
them ; they are indeed so intimately bl^nd^^ 
together, that tliey produce a homogeneoc — ^^ 
mass ; in short, basalt is a compact greenstctr^ ^) 
or compact hornblende- rocjc. 

SS. I 3haU herp concentrate the cojiclusion::::^^ 

which result from pay obsiervatipns on the su 

ject of thie forn)ati/)n of tl]e h^^alt of ^^^on 

It appears, th^ loijg ^fter the formation of th^^^ 

qther rocks o( thp same cljaiR, tljere has beerr ^ 

deposited over tl^^$p ^pcks, a vast bed of basal 

prpciff^diug fron) a solution which hM covere^^ ^ 

the whole country ; that a part of this basalti-- -^ 

deposition has been worn away or destroyed '> 

and that tli^ platforpis amd i3[ioiLiHtainrPPps qf 

salt, which r\ow exists op tho^ ipountaip;^ w^ 

the shreds and remains of that deposition. 

I believe I may add, that if the precipitat 

from which basalt has resulted, had been a 
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coniplished slowly and calmly, and in circum- 
stances favourable to crystallization, the same 
constituent parts would have formed greenstone: 
and that perhaps in those places, and at those 
times, where the solution had been more agita- 
ted and coarser, the sediment has produced a 
wacke; that is, a basalt approaching to the 
nature of clays. 

This conclusion is not an hypothesis ; it is a 
natural consequence of the facts which I have 
detailed. And in the additional observations 
which follow this Memoir, I shall shew how sa- 
tisfactorily this doctrine affords an explanation of 
the properties of basalt, and of die peculiarities 
of its repository. 

In order not to interrupt the connection of the 
argument here, I shall place in a note, (Note 1.), 
the answer to some objections which may pos- 
sibly be offered, and likewise some particular 
illustrations; and as many readers would pro* 
bably like to see the opinion of the distinguish- 
ed Werner, on tlie subject of the formation of 
basalt, I have stated it in Note L. 
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PART IV. 

l^ROOF$ THAT THE BASijLLTIC KOC^S OF SAXONI 
ARE NOT OF VOLCANIC ORIGIN. 

§ 33; After having, on the subject of the 
formation of the basaltic rocks of Saxony, esta- 
blished opinions which arc immediate couse-? 
quences from facts observed, and after haviog 
traced in these mineral masses^ the charac- 
teristic marks of the same mode of forma- 
tion which naturalists have acknowledged w 
all others, I might perhaps reasonably be ex- 
cused from proceeding to prove that theyliave 
not had a different origin. But several ob- 
servers, and, among others, MM. de Weltheiio> 
Fichtel, Ferber, De Born, Voigt, and De LuCi 
having regarded these rocks as the produc- 
tions of fire, and as the offspring of volcanic 
eruptions, I think it necessary to shew that tW 
cannot have been the case. There seems here, 
to be a choice of two suppositiops ; either that 
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feach of the basaltic mountains of Saxony has 
been a separate volcano ; or, that all the basal- 
tic summits in that country, are merely the re- 
mains of one great stream of lava, which had 
spread over the entire chain of mountains. I 
shall first examine the former supposition^ 

84. (1). A volcanic mountain is, and must 
of necessity be, a confused mass of fragments 
of stones, blocks of rocks, rapilli*, pumice, 
cinders, scoriae, and the remains of streams 
of lava; and all these matters heaped to- 
gether in utter disorder. The basaltic moun- 
tains of Saxony, however, are constituted of 
granite, mica-slate, sandstone, and other rocks, 
altogether similar to those found in the sur- 
rounding cbuntry ; both are of the same nature, 
and have the same structure. It is only on the 



* Rapilli (Lapilli) are fragments of pumice and of 
reddish and blackish vesicular lavas, from the size of a 
J)ea, to that of a heh''s egg, which are generally thrown 
out of volcanoes, along with volcanic ashes, after the 
eruption of the lava. They occur on Vesuvius, Santorini, 
vffitna, and other active volcanoes : also in the extinct 
Vdlcanoe? of AuVergne and other* countri^. T. 

»5 
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summit that basalt is found, and it there fbrnci» 
a continuous and homogeneous mass. 

(t). In the axis of every true volcanic moun- 
tain, an opetiing must be visible, from whicli 
the materials composing it have issued. Many 
of the mountains of Saxony, however, have 
been penetrated in every direction, by mines 
and levels, which have been even pushed iii 
some instances under the basaltic summits i 
yet there has every where been found a sol i<l 
and continuous mass, an ordinary rock, only tr^^ 
versed by some metallic veins and strings, t^^ 
no place has a volcanic abyss been discovered; 
nor any appearance of disruption. 

(5). The top of a true volcanic mountai^^j 
presents a funnel-shaped opening, or crateir' i 
and even when, by the lapse of time, the oper:^' 
ing has been choked up, still a distinct hoM-' 
low will remain. The soil of this hollow wi^ * 
be found to be a mere collection of loos 
firagments, from the debris of the volcani- 
mountain itself In the mountains of Saxonjr^^^ 
however, in plade of finding £t hollow on th^^ 
top, we have an elevation. The summits o:^ 
many of them are perfectly conical ; the middl^^ 
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{loint is the mast elevated, and it is the point of 
a solid mass of rock. When the cone is trun- 
cMed, its sii^perioF base forms a platform, com- 
posed of a continuous and very solid rock. 

(4). Even iti the case of those monntains 
where the subterraneafn operations have not pro«- 
ceeded under the basattic cap^ there is not 
\ra6tii>g evidence of the physical impossibility 
that t!be black masses composing their summits^ 
shoiild have iesiied from the interior of the 
earth. For the expafisive force supposed to 
have expeUed the li^id matter of the bastit, 
or 8oppe»ed lava^ ceftalinly w'ould not have 
pierced the sufface at the very axis of a conei 
precisely at the spot which presented the greiat- 
C8t resistance. It would rather have been in 
ft low level, towards the foot of the mouiH- 
tain, that the lava would have burst out. It 
is wcH known, that in a homogeneous surface^ 
th^ shortest line is^ that which offers leadt rt* 
^istadce i and tlhoagh' diiaiice or some local cir- 
<^^^a0ce might, in one place have produced 
W et fifftion rn tbef axrs of a oone, it is- not tcr 
^ beiicfted thart the saine chance, and the 
^^Knic kkial circunBtanGes-,. woukl otcur in all 

g4 
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the basaltic mountains of Saxony ; yet in all of* 
them, basalt is found only on the summits. 

S9me vulcanists, feeling the force of such 
reasoning, have alleged, that the mountains 
themselves, of granite, mica- slate, &c., on which 
the masses of basalt rest, had been elevated by 
the same force which had produced the erup^ 
tions. In answer, I shall merely observe, that 
the stratification of these mountains (§ 8.) being 
parallel to that of the surrounding country, is a 
fkct which bears convincing testimony against 
such a supposition. Besides, such an impulse 
might have broken and dispersed matter of so 
friable a nature as that which composes granite, 
and other rocks, but it could not have heaved 
it up without derangement. Further, the sup- 
posed force must have been sufficient^ in this 
instance, to elevate at once an entire chain of 
mountains; for the most of those mountains 
which Jiave basaltic summit^ are joined by 
their ^ides to those which stand next to them. 
I have already mentioned, that there is, at At 
tenberg, a large oblong mountain, very narrow, 
but above six miles long, on which there oe-* 
curs a basaltic excrescence^ recalling the idea 
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df the bunch on the camel s back. A moun« 
tain of this oblong shape, never could owe its 
origin to a heaving up, produced by an impulse 
which had pierced the surface immediately be- 
low the basaltic eminence. It may be re- 
marked, too, that the body of the Altenbcrg 
mountain, is traversed by vast galleries and sub- 
terranean excavations^ which have afforded 
an opportunity of ascertaining that the beds 
of rock present no appearance of rupture or 
derangement. 

There is so little resemblance or relation 
between Vesuvius or Etna, and the basaltic 
mountains of Saxony, that I must suppose those 
who have taken the latter for extinguished 
volcanoes, to have stood some leagues ofi^ when 
they conceived that idea. Mountains com- 
posed of porphyry, or even of sandstone, if 
they. had happened to have a similar form, 
might equally have given rise to such an illu*^ 
tion. 

35. Let us now consider, whether it be ac- 
tually within the verge of possibility, that all 
the baaalUc summits of Saxony can be the 



remnitis of one gretit strmth of fvriy thni#H 
out by a single volcatio^ Hetis I mnt observe, 
(1). That ^hoeter can etrea suppoBe tbe a* 
istence of such a rolcatioy or pretend to fix oi 
Its position, must abs^^ly know BotfaiDg of 
the country. In this chairi of roountains, WKI 
to be found the most eittettsive and the moit 
ntmierous subterranean g^teties and levebifl 
all Germany : for ^ore than six centuries^ bare 
numbers of minefs it^d fi^inevalogists been tra^ 
versing the bowels of these mountams. in erery 
direction ; so that I ventftrie to say that the 
interior is nearly as' wrtt knov^n^ as the exterbr* 
(Note M-) 

(3). In the whole of the l*ge dmtrret k qoe^ 
stioir, neither scorke, ti6>r cifidmrsy nor scorcheci 
st<mes, are to be fouifd ; n6r in shorty does my 
thing occuf wMch beard th^ letot mark of th^ 
action of fire, or whieh could eiscfte such aiK^-* 
tion in the mi^d 6^ aiV aicjcui^e ollservdr. 0^ 
this subject, I may appeal to M. Duhamel, wi*F 
visited the country, and is well acquainted 
with it. 

(3). Throughout the whK>Ie ^aiii off AcMfr 
tains, ev'ery summit, t\etf ^ffoiift^ pfeKUlb 
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h COtttiiiuous ttiJliii, which indicate^ a simultatv- 
^dtls formation nt one particuUf period. We 
106 where fitld h^f^, dli dtertiatiott of basalt 
^^th other rocks, which friight have perttiitted 
t» to suppose, that the basaltic formation had 
been repeated at different eras, or that there 
had been various eruptions of laVa. A single 
eruption, therefore, tliu^t have produced a tor- 
tetit of lava, sufficient to covei* an entire chain 
of trtountaitts, mart than 100 ttiiles long, and 
ftoin 40 to 50 miles broad. A volcano must 
be supposed to hav^ teddenly btoke out, and 
to have vomited forth the iihmense stream of 
lava alluded to, alid then, as if exhausted by so 
great an effortj to have become extinct, and dis- 
appeared so completely, that the very vestiges 
of it cannot be traced ! Such suppositions are 
too much at variance with the facts presented 
by actual volcanoes, and outrage probability 
too much, to be admitted, especially without 
a shadow of even presumptive evidence, 

(4»). The very form of the bedy is sufficient 
to disprove tlie supposition : for, according to 
that hypothesis, the lava must have overwhelm- 
ed tli0 entijre mountaiQ-cbai% the ridge and 
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two declivities, in all their extent , Itssur&cc 
must thus have extended over more than 600 
square miles, yet the thickness of the bed na 
where exceeds 300 feet All the remnanto 
of this bed, even those which rest on primitive 
rock, are more or less elevated in situation, and 
that without any order or regularity: for » 
ample, the basaltic summit of Ascherbubel 
(§ l6) is on a lower level than that of Land- 
berg (§ 17)9 although the former is situated 
nearest to the ridge of the chain. It thus ap- 
pears, that when the supposed bed of lava was 
entire, it must have presented a number of bend- 
ings, or a succession of eminences and hollows'; 
in short, it seems to have followed all the ine- 
qualities of the surface on which it was deposited* 
Now, such an appearaftce, is certainly not that 
which a stream of liquid matter would have 
assumed. Lava, issuing from a crated, never 
would have spread itself over a chain of moun- 
tains, so as to cover the whole ridge, and both 
of its sides, with a continuous sheet of nearly 
equal thickness throughout; in its progress, i^ 
certainly would not have descended and ascend- 
id, 10 as to produce such an effisct A streav) 
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•f lava moves forward only in consequence of its 
gravity, which inclines it constantlj^ to descend ; 
and it is altogether impossible, especially as its 
motion is very slow, to imagine that, in its pro- 
:gress, it should leave the low grounds, and a»^ 
cend heights. Whenever lava has once de- 
scended to a certain level, we cannot, in folf 
lowing its course, ever find it at a more eleva- 
ted point. In short, it is regulated by the in- 
variable laws of hydrostatics : any thing alleged 
to the contrary, can have no real foundation ; 
it would imply an inversion of the laws of 
nature, and must be rejected by every sound 
mind. 

It appears, then, from these observations, that 
it is not more possible to conceive, that the 
numerous basaltic summits of Saxony, are the 
products of a single volcano, than that they arp 
the products of many. 

ORIGIN OF BASALT IN GENERAL. 

S6. I now proceed to examine, whether the 
nature of basalt, and of the substances found im- 
b^ded in i^ and ii^ peculiarities of its strac* 
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ture and repositor}v will permit it to be. coq: 
sidered as a volcauic producL For the sake of 
greater latitude of illustration, I shall here treat 
of basalt in general, and not confine myself to 
that of Saxony in particular. 

I again repeat the caveat to be found at para- 
graph 5.— I absolutely exclude every hypothe- 
tical assumption. 

I regard the heat of lava as of sufficient in- 
tensity to melt stony matters ; for I have po rea- 
son to believe the contrary, and lavas them* 
selves are nothing but stoi^y matters melted 
Some persons, it is true, have supposed, that t)^^ 
substance of lava exists in a fluid state in t^ 
centre of the globe, or below the granitiq cru^^ 
I shall afterwards take occasion to canvas tk^^ 
opinion. Here I deem it sufficient to obsen^*^^ 
that it is a supposition purely gratuitous, and d^^^ 
titute of any thing like evidence* From tk^^^ 
descriptions of Vesuvius, Etna, and other vo^ J" 
canic mountains, it appears, that th^ fires C^ 
these volcanoes are situated in rocks similv-'^ 
to those with whiph we are acquainted. Amon0 
the ejected matters, we fiiid granite, mica'' 
slate, limestone, ^c. ; and the lavas proceed! 
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p«mh^lj^om itbe fwioa of tte WftU^ of the 

I^roqf'^ derived from the nature of Basalt. 

37. We have already remarked, (j 39.)* rtl^'t 
bfisalt is intimately related to argj}topepjiji$ 
wacke ; and made mention of colump$, ip 
which one extremity is a true basalt, while the 
other is a clayey substance. Tlie clay and the 
basalt, must, on the supposition of a volcanic 
origin, have evidently been the product of a 
single jet ; which is impossible. This fact, 
therefore^ is of itself conclusive against the no- 
tion, of a volcanic origin. The argillaceous 
ivacke cannot be considered as proceeding from 
a muddy eruption, as some have suggested ; 
for it passes into basalt by gradations so im- 
perceptible that it is impossible to assign any 
line of separation. It is equally vain to allege, 
that the wacke is merely a decomposed lava ; 
for, as at Scheibenberg for example, we find 
wacke passing to ordinary clay, and the clay 
degenerating to sand, and at length to ^avel ; 
while a lava, in decomposing, could a^wr 
produce a quartzy gravd. 
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The circumstance that no olivine nor augite 
are found in wacke which lies immediately imi^ 
dcr basalt containing these minerals, is a proof 
that they are two distinct rocks, and that the 
wacke is not merely decomposed basalt — For 
this remark, I am indebted to M. Ramond, iu 
his report 

38. It has been already shewn, (§ 30), that 
basalt is only a modification of greenstone. At 
the Meisner Mountain, and in other places, 
these substances are found so intermixed to- 
gether, and passing so evidently into each other, 
that it is impossible to refuse to admit that 
they have had the same origin. Now, green- 
stone, far from being a product of fire, cannot 
ever have been acted upon by that element : 
for it is a rock with a granular structure, com- 
posed of grai^s of hornblende, which retain all 
their lustre, and of grains of felspar, possessing 
all their briUiancy, translucency, and freshness. 
According to Saussure *, felspar melts at 70* of 
Wedgwood's pyrometer, basalt at 76*, and 
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lk>rhblende at about 100<^. A less heat deprives 
felspar of its lustre : and from the experiments 
of Sir James Hall, (Note N), it appears that 
the felspar existing in greenstone, is more 
fiisible than common felspar. If, however, ba- 
salt be regarded as a volcanic product, it is in- 
dispensable to assign the same origin to green- 
stone. Dolomieu, who perceived the necessity 
of this consequence, has preferred considering 
those basaltic rocks which contain portions of 
greenstone, as aot having been the products of 
fire. His words are : " The veins and large 
granular patches {of greenstone), which are to be 
seen in almost all the black rocks called ba- 
saltes, have greatly puzzled those naturalists 
» who hold that these stones have been the 
product of fire.'* — " I aflfirm with confidence, 

that such rocks cannot have had a volcanic 

• • » - 
origin. 

M. Desmarets is of the, same opinion. He 
thus expresses himself: ** Naturalists who have 
not seen those mixtures of crystals, or collec- 
tions of laminae of gabbro (hornblende) occur-* 

K 
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ring in lavas *, except in cabinetg or collectiofls, 
may have been led to suppose that they were 
the result ot fire ; and roay have been followed 
by many who adopt the opinions of ptbcw, 
without.examining for themselves. But ev^iy 
attentive observer will abandon such supposi- 
tions, when he is shewn the hornblende exist- 
ing in the midst of substances^ the arranget 
ment and disposition of which cannot possibly . 
be attributed to fire."' He adds in another place, 
that " there is hot to be found in compact lavas, 
a single vestige of those crystals of hornblende, 
if the unaltered part of the, original rock ifl 
which the volcano is situated, do not contain 
them f." 

39. When specimens of basalt from different 
countries, and even from different quarters of 
the world, are compared together, their gen®- 
ral resemblance is surprising. All the specH 
mens which I have had an opportunity of s^^' 



* I believe that M. Desmarets includes several sO^ 
of basalt under the name of lava. '^ 

j^ Mirmire sur les basaltesy 3«« partie, art, iii. 
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itig, — brought from Sweden, Hessia, Saxony, 
Silesia, Boliemia, Hungary, the Auvergne, Italy, 
and the Isle of Bourbon, — ^have the same black 
colour, the same fine-granular or compact and 
earthy fracture, the same specific gravity of 
8.000, and the same degree of hardness ; they 
incline to the same prismatic or columnar di- 

« 

vision; and they contain the same imbedded 
minerals, particularly basaltic hornblende and 
olivine. The chemical analyses which Berg- 
mann, Klaproth, and Kennedy have given of the 
basalts of Sweden, of Bohemia, and of the Isle 
of Staffa in Scotland, agree more nearly to- 
gether, than different analyses of the same mi* 
neral often do. This identity is important, be- 
ing one of the striking attributes of rocks pro- 
duced in the humid way : calcareous and 
micaceous rocks are every where similar ; but 
the lavas of Vesuvius, of Lipari, and of the 
Solfalare *, do not resemble each other ; on the 
contrary, they present very marked differences : 
and, at the same time, these places, it will be 

ii 2 

* Journal de Physique^ Gemit an 7. 
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observed, are situated but a short way from 
each other ; indeed, I venture to say, that sig- 
nal variations as to quality may sometimes be 
observed among the successive lavas of the same 
volcano. 

If basalts really were lavas, their nature 
would certainly participate of that of the rock 
in which the volcanic fire happened to be si- 
tuated. Every person has observed how very 
different, in quality and appearance, the rocks 
are in one place, from what they'are in another: 
and from all that we can learn, from the great- 
est depths to which miners have penetrated, it 
appears that, in the interior, the change of rock 
is nearly the same as takes place at the surface. 

» 

If volcanic fire exist in one country where 
there is nothing but granite, and in another, at 
the distance of more than 600 miles, where the 
only rock is clay-slate, it may surely be presum* 
ed, that the fire will not in both cases be situated 
in the same species of rock : the melted granite, 
and the melted clay-slate, would not probabfy 
each afford the very same kind of stony sub* 
stance ; and doubtless all the lavas proceeding 
from granite, would not be identical with oH 
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tiliose proceeding from clay-slate. But I affirm, 
that there is absolutely no difference between the 
basalt that rests on the granite of Lusatia, and 
that situated on the clay-slate oa the other 
side of the Rhine, behind Neuwied, In both 
these places, and every where else, the basalt 
possesses the same characters. The basalt which 
lies on the sandstone of the Misnia, is identical 
with that which rests on the shelly limestone 
of Hessia. In all these countries, no other sub- 
stance has ever been taken for a lava. The na- 
ture or character of the basalt, having therefore 
no dependence whatever on the quality of the 
rocks on which it reposes ; it appears altoge- 
ther unreasonable to view it as consisting mere- 
ly of those rocks, altered and fused by volcanic 
agents. 

40. Almost all basalts contain about 20 per 
cent, of iron. Now, I would ask, Which of all the 
rocks that we are acquainted with, is able con- 
stantly to afford this proportion of iron ? Not 
one ; if we exclude basalt itself, and its modifi* 
mtions, from being numbered as rocks. In a 
:x>untry where no rock but granite appears, aod 

h3 



lis ON THZ 0A9AZ.T Or SAXOST. 

where all that miners and mineralogists btf# 
been able to ascertain concerning the order of 
superposition of rocks in general, necessarily 
leads us to conclude that this rock extends to 
a great depth ; in such a country, I say, from 
whence can the basalt there found, have deriv- 
ed its 20 per cent, of iron ? Felspar scarcely 
contains any; quartz none at all; and mica, 
which does not contain more than 8 or 10 per 
cent., occurs only in very small quantity in the 
granite of Lusatia, — to which I here more par- 
ticularly allude. 

All these considerations prove beyond con- 
troversy, that basalt cannot originate from any 
known rocks, altered and melted by volcanic 
agents; in a word, that it is not, and never has 
been lava. 

It may here be objected to me, that a great 
number of the lavas of Vesuvius, and especial- 
ly of Etna, resemble basalt ; that chemical 
analysis has shewn, that both contain very 
nearly the same constituent parts ; and, it may 
be inquired of me. Whence, then, have these 
lavas proceetled ? what rock has produced 
them? 1 answer. Basalt itself. The rock oi 
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Sicily, of a part of the south of Italy, of the 
Isle of Bourbon (Buonaparte), is basaltic t the 
volcanoes in these countries are, at least in 
part, situated in basalt ; and it is that substance 
melted, which has furnished the material of 
their lavas. The comparative analyses of lavas 
and of rocks belonging to the basaltic family, 
(basalt, greenstone, and wacke,) published by 
Dr Kennedy, (§ 45), afford to this opinion all 
the authority which chemical analysis can be- 
stow*. I have already admitted that the ex- 
periments of Sir James Hall prove, that melted 
basalt, if cooled very gradually, resumes in 
some measure the stony aspect. But even 

h4 
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* It is but fair to mention, that Werner tatight this 
doctrine in his course of Geognosy, as early as 1786-7, 
and that he preceded all other mineralogists, or che- 
mists, in remarking, that the substance of the lavas of 
Vesuvius, and especially of Etna, probably consisted in 
a great measure of melted basalt, seeing that the seat 
of these volcanoes was, at least in part, situated in the 
newest flcetz*trap formation. In speaking of Vesuvius 
in particular^ he said, that it was likely that the roof 
or upper part of volcanic caverns in general consisted 
of these trap rocks, while the lower parts might be si- 
tuated in primitive rocks* A. 
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though basaltic rocks, melted and manufactur- I fc 
ed by subterranean fires, should yield lavas f a/j 
somewhat resembling such rocks* ; it certain- 
ly does not follow, that these basaltic rocks 
have originally been products of fire. ' 

Proofs derived from the heterogeneous substance^ 
contained in Basalt. 

Let us now turn our attention to the foreigf^ 
matters found in basalt, and examine wheth^^ 
their existence in that rock, and the state ^^ 
which they occur, can be reconciled with tt^* 
notion of its volcanic origin 

The extraneous subotanc&s are, 1. Cryst^'- 
and grains, which often give basalt a porphy^^^ 
tic structure. 2 The balls and geodes whicr^ 
partly or wholly occupy the air cells or vesicl^^^^ 
3 Some fragments of older rocks. 4. Petri ^'^ 
factions. 5. Water. 

41. T shall begin by reminding the reade^^"-^ 
that the cry^^tals and grains most commonl 
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found in basalt, consist of basaltic hornblende, 
olivine, augite, mica, and felspar ; that they ex- 
actly fill up the small cells which contain them ; 
that they are nearly equally or uniformly dis- 
seminated through the mass of rock, and -are 
scarcely ever observed to occur in groups. 

In the opinion of volcanists, these crystals 
must either have existed previously /to the 
lava, and have fallen into the melted mat- 
ter; or they must have been formed in the 
midst of that matter, while yet in a state of 
fusion. 

On the first supposition, it appears to me, 
that the crystals which could remain in the midst 
of the melted matter, would be found to con- 
sist only of the most refractory substances, such 
only being capable of withstanding the influence 
of the volcanic fire, joined to the dissolving ac- 
tion of the fluid which enveloped them. If 
these crystals had not been entirely melted, 
they would at least have been sensibly altered, 
ns has happened to the crystals of augite and 
leucite, found imbedded in some of the lavas 
of Vesuvius How then have crystals of fel- 
(par^ of basaltic hornblende, of nuca, and other 
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substances^ been able to resist the fiery tria. J/ 
According to Saussure"^^ felspar is somew'lm^ 
more easily fusible than basalt ; basaltic horxi^ 
Uende and mica, somewhat more difficultl>^< 
Now, in the interior of masses of basalt, \>&^ 
yond the reach of weathering, basaltic horn- 
blende is found of the finest black colour, and 
the brightest lustre ; its fracture, at the sancre 
time, nowise vitreous, but completely lamellar s 
crystals of felspar exist there, in all their fresl** 
ness, and witli all their translucency : those of 
mica occur in plates, of a perfectly hexagon.^1 
shape, and very thin, yet even the. edges ^^ 
not bear the slightest marks of fusion. Ol^' 
vine, it is true, is more refractory than th^^ 
substances ; but its colour, which is very d^^^ 
cate, and very liable to be altered even by tl^® 
influence of the weather, is found in all i** 
native freshness, in the very middle of basal t^^^ 
rocks. 



* Some naturalists, and Dolomieu among oth^^; 
consider basaltic hornblende as more fusible than :^^ 
•par. 
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u basalt, all these crystab moist exactly fill 

the small oell& which coataiii them, so 

AtL^Lt they adhere to the wnUs of the cells; 

bu't in lavas, the crystals are often loose in the 

€».v^ities, so as to make a rattling noise when 

sliaJcen; in cooling, they have undergone a 

de^ee of contraction, a thing that happens ta 

almost all bodies that have been submitted to 

the action of fire. 

rf the crystals which often occur in suchr 

Autnbers in basalt, had floated in this basalt 

while in a state of fusion, they would certainly 

ha.ve united and formed groups ; we should 

have found them in knots or clusters ; but cer^ 

tainly not unifarmly distributed throughout the 

wliole mass, each separate from its neighbour^ 

stud without any regard to difference in specific 

gravity*. In a word, these crystals are dis* 

posed in basalt exactly in the same manner as 

crystals are 'in all the porphyries, which are 

admitted to have been produced in the humid 

way. 
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Further, if it be considered that the extraix^ 
ous minerals found in basalt, are almost always 
of the same kind ; that they arc every where 
basaltic hornblende, olivine, &c. in the An- 
vergne, and in Saxony, in Hessia as well as in 
the Isle of Bourbon ; it is impossible to resist 
the conclusion, that it is not by chance that 
they appear there, but that they are as it were 
indigenous to basalt. It would seem as if they 
were placed there to testify to us, that all ba- 
saltic rocks have had the same origin; that 
they have all been produced by a single opera- 
tipn in nature ; or in other words, that they 
have been precipitated from one and the sai»^ 
solution. When a volcanic origin is ascrib^^ 
to* them, it must be assumed, that the fumac^^ 
of all the volcanoes which have produced theHf*^ 
had been situated in the same species of rocl^^ 
(which is contrary to what we know to be tb^ 
fact, § 36.)> ^^d that that rock contained num€? — 
rous grains of basaltic hornblende, olivine, &^**^ 
But there is not in our globe, any other rocK^ 
than basalt, that contains these materials: i^ 
mu»t therefore have been basalt that furnish-^ 
cd the matter of basalt ! — ^a conclusion whicl> 
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does not very satisfactorily explain its »€rst ori- 
gin. 

It may perhaps be alleged, that these crystals^ 
did not exist within the great volcanic furnace ; . 
but that they were situated in the rock which 
the lava covered, and were thus enveloped by 
it. In this way, no doubt, it is possible to ac- 
count for some particular facts ; but it is impos- 
sible thus to explain why the crystals are distri- 
buted in a uniform manner through the whole 
mass, or why they are every where crystals 
of basaltic hornblende, olivine, and augite. 

We shall now more minutely examine the 
opinion, that these crystals have been produced 
in the matter of basalt, considered as lava, 
while that matter was still in fusion, and thit 
they were so produced in consequence of affini-' 
ties existing between their constituent parti- 
cles. It must at once occur, that while the lava 
continued to flow, and previously, the forma- 
tion of the crystals could not take place. That 
operation could only go on when the lava had 
become stagnant, by entering some hollow, 
like a reservoir. But even fluid lava is so aiii- 
tinous, that I have great difficulty in believing. 
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-that the chemical attractimi between the mr^ 

nute particles of the crystal disseminafc^ 
through the mass, could at all have overcaura 
the resistance offered to their approach to eacr3 
other by this viscidity; — ^far less that they 
could have united, so as to produce crystals of 
the most perfect form, and of a considerable 
size. From all that we know concerning l^va 
in a state of fusion, it appears that it is very 
thick, and very viscid. Large streams of lava 
sometimes, it is said, take whole years to travel 
over a short space of ground* Besides, how is 
it possible to conceive, that felspar should ciys* 
taliize in the midst of melted basalt, whilis it u 
itself more fusible than basalt, at least accoid- 
ing to the tables published by Saussure. j^ ! 
long as the mass remained in fusion, the caloric 
would hold the minute particles of fekpar, dif- 
joined and separate from each other, and they 
would assume the globular form. In sione ' 
stony matters which had been melted, I have 
observed the crystals of felspar which liey 
contained, converted into globules of a white 
enamel. — After all, I am not perhaps suffident- 
ly acquainted with the effects of fire, to affim 



BASALT KOT OF VOLCANIC ORIGIN. >W7 

b^at what appears to me impossible, is so in re- 
•Xity *. I refer the question to the chemists. 

One of these, (Klaproth,) whose name is wcil 
IsLHown in the literary world, who has studied 
minerals with the greatest assiduity,. has had 
many opportunities of observing the effocts of 
Are upon them, and who besides has examined, 
at different times, a great number of basaltic 
mountains, — Klaproth, I say, has given a de- 
cided opinion concerning the formation of ba- 
salt. His testimony being here of great 
weight, I shall extract a passage from his Con- 
tributions f, a work which his high esteem for 
Vauquelin, has induced him to dedicate to that 
philosopher. " The scope and limits which I 
)iave prescribed to myself in this memoir, (he 
observes), do not allow of my fully entering in- 
to the question concerning the origin of basalt, 
ulthough the solution of that problem is of great 
interest in geology. I shall content myself 
with mentioning, that niy individual opinion is 
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the result of observations which I have myself 
made on niany basaltic mountains; and that 
these observations have convinced me, that ba- 
salt is a stony mass, prochiced in the humid 
way."* In treating of Porphyry -slate. {Porphir- 
Schitfer,) a rock which has much affinity with 
basalt, he says, " The opinion which prevailed 
some time ago, concerning the origin of por- 
phyry^slate, and which has still some partisans, 
ranks that substance, as well as basalt* amyg- 
daloidal rocks, and ^ others belonging to the 
trap formation, among the products of vol- 
canoes, or, in other WTords, among lavas. It is 
not here my intention to rehearse and discuss 
all that has been written for and -against that 
opinion. I shall merely state, that the obser- 
vations which I have made at different times 
among the mountains of Bohemia, on the po- 
sitiim and mineral relations of the rocks of ba- 
salt and • porphyry-slate, have never led me, 
more than other unprejudiced observers, to dis- 
cover the least vestige of a crater, or any other 
indication of volcanic influence.'* I may here 
remark, that the country in which Klaproth 
made these observations, is one where, of all 
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Others, imaginatipn might trace at every step, 
supposed marks of the action of fire. As hap- 
pens in some parts of Auvergne and of Italy, 
the soil is blackish, and contains interspersed 
crystals of basaltic hornblende, augite, melanite, 
ax^d balls of basalt ; while the mountains con- 
sist of groups of conical eminences, having a 
smoked appearance. 

42. There may often be observed in masses 
of basalt, a number of cavities or vesicles, ge- 
nerally of a round shape, some empty, and some 
occupied wholly or in part with balls or geodes 
of green-earth, of steatite, calcspar, zeolite, 
calcedony, quartz, and other substances. These 
baUs differ from the grains mentioned in the 
preceding paragraph, in being evidently pos- 
terior in formation to the basalt in which they 
are found *. The lavas of Vesuvius or Etna, 
do not contain any similar balls : the cavities 
in these lavas bear no marks even of the com- 
mencement of their formation. Amygdaloidal 



^ See Note A. 
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masses^ it is true, are frequently talked of 
volcanic products 5 but those who hold this do 
trine, begin by taking for granted that basal t, 
wacke,' and other rocks which are only mocti'^ 
fications of the same substance, have had a 
volcanic origin. I shall Here mention two in- 
stances of amygdaloidal rocksj which it is ab- 
solutely impossible to regard as congealed 
streams of lava. In Perbyshire, in England, 
there is found a suostance called toddstonCi 
which is nearly related to basalt : it contains a 
great number .of nodules of calcspar : it 6ccurs 
fe beds, which alternate wtth beds o^ limestone 9 
iri a tlis trie t? i traversed ' by metallic veins. Th^ 
aqueous origin of such b6ds is evident. In the 
county of Glatz, I examined a hill*, the sum- 
niitbf which consisted of a sort of wacke, ot 
a.f ieddish-^brown colour : ii was full of nodules 
of calcedonyjgfenerally coated with a layer o*^ 
greeii- earth. Yet, that that wacke must have 
been produced in the humid way, was incon- 

* The author alludes to Finkenhubel. For a mor« 
particular description of the hill and of the wacke wbi^ 
contains the turbinites, see Von B^ch^s descriptioo ^ 
the Environs of Landeck, p, 96. of Dr Animo'^ 
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^^tibly proved by its containing imbedded tur- 
Iwmites. To put the fact of the existence of 
hcse petrifactions beyond a doubt, M. Von 
(uch has deposited a specimen of tlie rock in 
lie cabinet of natural history at Berlin *. 

43. . Basalt lias been observed to contain but 
few fragments of rocks which existed anterior 
to its formation. For my own part, I have 
seen only some fragments of sandstone. But 
other naturalists have discovered several 
substances, chiefly calcareous. Werner, in a 
memoir printed in the Journal des Mines dt 
Frdberg, informs us, that in the environs of 
Carlsbad in Bohemia, the basalt contains so 
^cat a quantity of calcareous matter, that the 
people make lime from it Saussure, in his 
Travels in the Alps, § I6II, mentions his 
having seen basalt containing angular frag- 
ments of a grey compact limestone, and 
4cse fragments in nowise altered at the point 
of contact. Is it possible to suppose, that a 
torrent of melted stones should envelop firag- 
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rnents of carbonate of l\me, without produ- 
cing the slightest alteratioo on their edges, or 
the least disengagement of carbonic acid 
gas? Yet the edges are unaltered; and any 
disengagement of gas must have caused some 
blisters or vesicles in the adjacent fluid 
mass ; but none such are to be seen. Since 
this carbonate of lime exists in vast quantity, it 
evidently, has; not merely bicen enveloped by a 
stream of lava accidentally coming in contact 
with it; and it is needless to enlarge on the 
impossibility bf its having been formed in 
the midst of stony matter in a state of fusion, 
la the instance mentioned by Werner, the cal- 
careous matter docs not consist of fragments, 
but of portions which have been fornied at the 
same time with the basalt 

hvciovk^xht ej^ttd stonts of Vesuvius, it may 
be remarked, many fragments of limestone oc- 
cur ; but they are never found (at least according 
to what I have read) in its lavas, which always 
appear of a homogeneous texture.. These frag* 
ments are prol;^ably the debris of the walls of th$ 
volcanic caverns : many such niust inevitably 
have fallen into the great volcanic furnaces, and 
have been melted; — ^affording satisfactory proof. 
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that the heat of volcanoes is capable of altering, 
and even melting limestone, and that that sub- 
stance could not remain unaltered in the midst 
of lava. 

44. I have already (^ 42.) taken notice of 
the turbinites found by Von BuCh in a rock of 
the trap-formation^ in the county of Glatz. 
Petrifactions, however, are of rare occurrence 
in the basaltic rocks of Germany ; and as I do 
not wish to be much indebted to the observa- 
tions of others, I shall only cite two or three 
examples of their occurrence elsewhere. Dr 
Blagden, secretary of thei Royal Society of Lon* 
don, and Mr Chenevix, inform me that they 
have seen impressions of shells in the hardest and 
most compact basalt of the Giant's Causeway 
in Ireland *. In the Vicenthie, behind the hill of 
Carlsberg, in the Veronese, chamites occur in 
basalt Von Berolding describes a species of 
cornu ammonis, found in basalt at Forez, the 
shells still retaining their pearly lustre. He 



♦ It may be proper to notice, that the rock at Port- 
tiish, near the Gianf s Causeway, here alluded to, i^ not 
basalt, but a variety of Lydian^stone^ which sometimes 
approaches to slate^clay. Ti 
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likewise speaks of two pieces of basalt, frod 
the neighbourhood of the lake of Constance^ 
which contain gryphites and ammonites. 
Bnignatelli mentions basalt from the valley of 
Ronca, containing sea-shells. At Joachimsthd, 
in Bohemia, there is a great mass of wacke, 
in which are found entire trees^ in a half petri- 
fied state, but still retaining their bark, their 
branches, and even their leaves*. — It would 
surely be unnecessary to enter into any argu- 
ment, to shew, that the mineral substances in 
which these petrifactions are found, canncH; 
have been the products of fire j yet these sub- 
stances are either basalt, or modifications of that 
rock, which must have had the same origin. 

45. The circumstance of water being somf- 
times found inclosed in the vesicular cavities of 
basalt, might be urged as a strong objectimi 
against its igneous formation. But as it is im- 
possible for me to demonstrate, that the water 
may not have penetrated by infikration, and as 
I have never had an opportunity of seeing the 



^ Ton Bodies Bc9ckrnbHng vm Latidet. 
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fact with my own eyeiSj I shall natiusist on it. 
I must, hovvevcr, particularly rqm.arjc, that ba- 
salt contains a very , considerable.. portion, of 
water of composition^ while lavas do not con- 
tain any, as may be seen from the fpllowing 
analyses made by the late ])v Kennedy * : ' 
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Alumina, . ..... 
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Proofs derived from the form of basaltic rocks. 

46. Basaltic rocks are generally found ar- 
ranged in regular beds, whiqh often at the 
same time ex^hibit the prismatic division. 
(Note A). I have already remarked, (§ 35.) 



u. 



1*1 ■! » 



, -' r 



* Anmles de CMmii, ventose an 10.- 

14 



156 OK TH£ BASALT OF SAXOKT. 

that streams of melted matter would never 
take the form of thin beds, particularly of a 
great extent, and presenting alternate risings 
and sinkings, such as occur in beds of basalt. 
I have hitherto alluded only to the great bed of 
basalt which covers the mountains of Saxony : 
but even this becomes comparatively insignifi- 
cant, since Dolomieu describes beds of basalt oc- 
curring several hundred yards below calcareous 
mountains, — and no fewer than twenty beds of 
basalt alternating regularly with as many of 
limestone ; and since Professor Jameson informs 
us, that in the Western Islands of Scotland, 
great beds of sandstone occur, having interposed 
between them beds of basalt, sometimes only a 
few inches in thickness. One of two things is 
certain : these beds must either be waved^ (which 
is the ordinary case with all beds), and if so^ 
they could not, we have seen, have arisen from 
streams of lava ; or they must be ^fiat^ — and 
that is certainly not the form which a stream 
of matter in fusion would assume. 
rAs to the prismatic division which basalt 
affects, I believe that if it is found in the tme 
lavas of Vesuvius or of Etna, it is only in a 



BASALT NOT OF VOLCANIC ORIGIN. 137 

very imperfect way. I know that some au- 
thors have spoken of the columnar shape 
as a distinguishing mark of volcanic produc- 
tions ; but they begin by taking for granted, ' 
that basalt is a volcanic production. I have 
never heard it alleged, that any lavas which 
have flowed iin the memory of man, have as- 
sumed the form of perfectly regular prisms, 
sonorous like iron, such as the columns of Stol- 
pen, of the Heulenberg, (§ SI, 20), and others. 



Proofs from the position of basalt with respect 
to other rocks. 

47- We must examine tlve relations of ba- 
salt, with rocks of the S2imc formation^ and 
with those also of a different formation. I trust 
I have satisfactorily shewn, (§ i&, SO, S7> & 
38), that the relations of basalt with rocks of 
the former description, do not admit of the 
supposition of a volcanic origin. As to rocks 
of a different formation, whether the basalt 
covers them, which is almost always the case, 
or whether it be itself covered, we can only 
draw conclusions from the relative position. 
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and from any peculiarities observable at tlwi 
points of junction. 

Wherever 1 have been able distinctly to see 
the place where basalt rests immediately on 
granite, porphyry, limestone, or clay, I do de- 
clare that I have never perceived the smallest 
alteration on these rocks^ — nothing that would 
indicate that they had been covered by a stream 
of matter in fusion. In many places, basalt 
lies immediately over beds of coal ; and yet, 
at the surface of contact, none of the effects of 
fire are discernible, although that bituminous 
substance must necessarily be very sensible to 
the action of that element. The Meisner hill, 
in Hessia, (Note C), presents a remarkable ex- 
ample of this singulat kitid of superposition. 
It is true, indeed, that in this hill, the bitumi- 
nous bed is generally separated from the ba- 
salt, by a thin bed of clay : but having explor- 
ed above 9000 feet of the subterranean excava- 
tions in that mountain, I have had an opportu- 
nity of seeing the basalt and coal in immediate 
contact in several places. At the points of 
junction, there occurs sometimes an earthy mat- 
ter, impregnated with a good deal of bitumen, 
and sometimes a coal of a very resinous ap^ 
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pearance, divided into little bars*, and en- 
tirely of the same nature as that which isfound 
under the clay. Now, if the basalt which 
forms the roof of this bed of coal, and which 
is more than 300 feet thick, had ever been in 
the state of a vast stream of melted stones ; is 
it possible to suppose, that in thus spreading 
itself over a bed of bituminous substances, it 
would not in any manner have altered them ? 
I do not go the length of saying, that such a 
fiery stream must have inflamed and consumed 
the coal, because it may be objected to mc, 
that all communication with the atmospheric 
air was instantly cut off; but I affirm, that it 
must at least have produced some sort of alter- 
ation. It appears to me impossible to con- 
ceive, that a bed of ver}' bituminous coal 
should be no otherwise affected by a red-hot 
stream of melted stones, than by a simple sedi- 
ment of clay ! 

In the Meisner, the basalt lies between a bed 
of coal, and a rock with a granular structure.-^ 
Is this the kind of repository in which lava 
should be expected ? 



. •?•■ ir.,iii 



* StangeiiKohle/ Wtmif, Coluttmar Coal, Jameson, 
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In that hilly the basalt is merely found resting 
on the coal, which is chiefly of the species called 
Brown-coal, (Braunkohle). But in other places 
the basalt is found alternating with the coal in 
beds. Mr Williams informs us, that at Bor- 
rowstounness in Linlithgowshire, Scotland, 
there are thick beds of basalt situated between 
beds of coal which are worked to a great ex- 
tent; and that in the Bat%ate hills, in the 
same county, these two mineral substances 
may be seen alternating in beds. In Bohemia, 
also, according to Dr Reuss, beds of coal are 
worked^ which are situated between beds of ba* 
salt In the Feroe islands, examples of a simi- 
lar arrangement have been observed. Mf 
Jameson, who is both a skilful mineralogist 
and a correct observer, say?,** We noticed in 
the north-east part of the i^nd of Mull, a bed 
of coal, a foot in thickness, the roof of which 
consisted of basalt, irregularly' divided into 
columns. The same substance- formed also the 
fioor of the coal *.** v 



* Outline of the Mineralogy of the Scottish IsbzKbr 
Edinburgh, 1800. 
.. Foi^ soia? ..obi;farYa1iaiis ofi tbe{0€!wx^ce«f al^' 
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I can scarcely think that any one will still 
maintain the proposition^ that those basaltic 
rocks which are thus arranged in alternate beds 
with bituminous and combustible substances pro- 
ceedingfrom the decomposition of organic mat- 
ters, have originally consisted of burning streams 
of melted stones.-nrFor my part, I cannot even 
conceive the existence of such a phenomenon r 
to suppose it, seems not merely to til ake^Na* 
tare deviate from "her ordinary course, but to 

# • 

make her transgress the bounds* of possibility, '*' 
The Meisner hill is the dnty- pldcc wherfe I 
have myself seen ^basalt cotercd by another mi- 
neral substance: but various naturalists de- 
scribe similar facts. They have found basalt 
covered by^ and even alteraiiting with, shelly 
limestone, sandstone, and slate-clay. • Professor 
' Jameson, whom l have just quoted, details a fact' 
pf that kind, which he saw in the most difi^tihct 
n>anner in the island of Eigg, on the west cc^lif 
of Scotland* . 



"^ing beds of basalt, im- of greenstone, in Linlithgow- 
**e, Mull, and »«he J^ooeMsndsj see NotF». T. 
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Dolomieu observed, in Auvergne, beds of 
basalt alternating with limestone containing 
impressions of shells. In the Vicentine and 
the Tyrol, he found twenty thick beds of ba-r 
salt, interposed between beds of limestone* 
The volcano; which vomited forth these lavas, 
must no doubt have been a submarine one, since 
the basalt alternates with shelly limestone. But 
to meit appears, that matter in a state of fu* 
sion, would scarcely spread itself quietly and 
uniformly ypdcr the. water, so as to form a 
widf horizontal bed, but would much more pro- 
bably swell up and become heaped around the 
crater. If it be still objected to me here, that 
it U impossible to compare the great operations 
of nature, with those of our laboratories and 
furnaces, and that the effects, of a river of lava 
cannot be judged of, from . merely . seeing a 
streamlet of scorise issuing . from a fiimace ; 
Dolomieu himself shall furnish the answer. 
" I cannot possibly believe," he says, "that 
streams of lava, many leagues in .extent, can 

have flowed under the waters of the sea.— At 

. ••■) }[ ••■II 
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Etna and Vesuvius, the lavas become heaped to 
a great height, itistead of spreading to a di- 
stance. Indeed' it is impossible that they could 
continue long to flow under water, as the water 
would necessatily tend to coagulate them, and 
deprive thehi of their progressive motion." On 
the volcanic hypothesis,' also, the regular al- 
ternation of twenty eruptions of lava, with 
twenty depositions of a* calcareous sediment, 
miist appear very surprising ; ^nd it certainly 
will not be easy to explain how streams of red- 
hot melted matter have' happeiied to spread 
themselves over carbonate of lime*, without 
producing 'any» alt^hstioh whatever upbh it. 
Some naturaiists,.infcrdef to explain this Alter- 
nation of beds of basalt and of limestone, have 
supposed that the volcatio was not submarine,', 
but that after each of the twenty eruptions, the 
sea rose and covered the lava; and that after 
depositing its cialcateous sediment, the water 
again retired. This playing of cards betlveen 
Vulcan and Neptune, — this alternation between 
the eruptions of a vole^noland the disap|ieardiice 
of a whole sea,— was r^ealed twenty tvinie^ !— - 
But the period has ndw'attived; whete'gt^olb- 
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gists must submit to be stripped of the right 
which they have arrogated to themselveSi of 
commanding Nature, and ascribing to her, at 
their pleasure, the most extraordinary and fan- 
tastical movements; making seas abandon their 
limits, transporting their waters whither they 
please, and ordering them to come and go, as 
suits their con veniency ;-rand all this to explain 
the merest hyppthe^^. 

When we see beds of different substances 
alternating with perfect regularity, and, by 
their assemblage, constituting mountainsjwhicb 
do not exhibit the marks of having undergone 
any extraordinary convulsion or alteration, it 
would surely be a violent i^upposition to insist 
that some of these beds have had an origin of 
quite an opposite nature from others ; that while 
one set of them evidently consists of sediments, 
or aqueous products ; another set, interposed be- 
tween the former, consists of igneous products, 
or congealed streams of lava. 

48. The conical shape of basaltic mountauis, 
which has contributed so much- to their being 
taken for extinct volcanoes^ is of itself suffi* 
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cient to prove the falsity of the preceding hy- 
pothesis. I have satisfactorily shewn/ (§ 34.) 
that this shape is not that-of volcanic moun- 
tains, but in some measure opposed to it ; and 
that even when we do not, by means of galleries 
pushed under the basaltic summits, of by deep 
wells sunk through the basalt, and terminating 
in gneiss * know with physical certainty, that 
the ba§alt is only superimposed, — the very as- 
pect of the mountains on which it occurs, is of 
itself a convincing proof of the fact. I shall 
J^late still another example. Near to Kircheir, 
about fifty miles to the north-west of Coblentz, 
in the midst of a mountainous country, where 
the prevalent rock is argillaceous shistus, (grey- 
wacke slate), a large mountain rises to some 

K 



* Not far from Friedberg in Silesia, there is a.ba* 
saltic hill called Greiffenberg, or GreifTenstein. On 
this hill, a well has been dug more than a hundred feet 
deep. For about one-half of this depth, the rock con- 
tinued to be basalt : it then suddenly became gneiss.-^ 
When in Silesia, I myself went to Gieren, where the 
warden of the Friedberg mines resides^ and had th* 
fj/Kgt confipMd to m^. . A» 
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height above all the rest, of an oblong shapCt 
and nearly twelve miles \n circiunference. In 
the middle of its highest ridge, which is of the 
dos d'dnp form, a basaltic eoiiQenCie occurs, of t| 
small size considering the magnitude of the 
body of the mountain : Jt may be nearseveilty 
feet high, and perhaps quore than a thousand in 
circumference. The rock-bed^ of the moun^ 
tain are inclined to the horizon at angles of TO* 
or SC. I traced and exan^ined the stratifica- 
tion up to the base of the basaltic eminence ; 
hut I could not perceive any d^rangeihent I 
extended my examination all around the emir 
nence, and on both $ides ; and every where, tho 
beds had the same direction, and the same in- 
clination ; from which I conclude, that they 
pass entirely through below the basaltic sum- 
mit, without undergoing any derangement 
Certainly this mass of basalt must formerly 
have been of much greater cxtept : the destruc- 
tiyejnflujenqe ojf time is continually diminiib* 
ing its size, and lajring bare more and more of 
the nucleus of the mountain, which the basalt 
previously concealed.. Feihaps^ some. i^;e9 
hence, no vestige of basalt mayfxeK'Yiasaaiii^ 
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the kiQuii tain. will then appear to be wholly ccnn- 
posed of grey^wacke slate ; and the naturalists 
of th(>se times will learn with astonishment 
from histoty/ that, in the nineteenth century, it 
was lodked upfoii as a vc^cano. 

The resuler may probably be suiprised, that I 
huve not -yet taken any notice of the supposed 
vesdges of craters, more or less distinct, which 
some ^observers persuade themselves they are 
abli to discover on all ba^ltic mountains. The 
truth is, that intho^e which I have had an qp« 
portunity of examining, I percfeivcd nothing of 
this sort: The only hollows I codld find, wiere 

« 

either excavations evidently- nliade by the hand 
of man, or which owed their origin to some «r» 
dinary cause, easily detected. Even a pre- 
judiced observer of the most lively fancy, could 
scarce convert such hollows into volcanic gulft 
or abysses. 

49* If we examine the tof>ographical po(n«- 
tion of the basaltic mountains of Germany 
considered as a whole^- we may perhaps be able, 
thence t<> draw srnne' ittferenee^ cimceming tib» 
wnpsL of baisidt itf g^ieraL I shall hen give »' 
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rapid sketch of the situation of those basaltic 
mountains which I myself have seen. Germany 
is traversed^ and in some measure divided by a 
grand phain of mountains, (the highest numn" 
tain-chain of the country), which takes its rise 
towards the Crapak or Carpathian Mountains. 
After sweeping along Silesia, Lusatia, Bohemia, 
Saxony, it joins the mountains of Fulda^ and of 
Hessia, and touches the Rhine between Mayence 
and Cologne. This chain forms the f^e of the 
extensive country situate between the bed of - 
the Danube and the northern seas ; (or it ia the 
highest mountain-ridge of Germany). The sum- 
mits of a great number of the mountains which 
compose this elevated saddle, are of basalt ; and 
that mineral is scarcely found elsewhere in the 
rest of Germany. So that it may be said, thit^ 
in this part of Europe, the basaltic ipountain^ 
form as it were a train or series placed exactly 
on the ridge of the country, comprised between 
the Danube and the northern iieas. 

Nearly the whole of this highest mountain-r 
ridge is composed of granite, of gneiss, and of 
mica-slate ; in short, the rocks are. primitive, 
(the limestone of tiessia, and a few Qther rocka 
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fbnning exceptions). If I have not already 
succeeded in shewing that these basaltic moun^ 
tains have never been volcanoes, I may urge 
that it must appear a very singular circumtances, 
to find a series of such craters in the most ele- 
vated part of the German empire, and in the 
midst of primitive rocks. — If it be here objected 
to me, as it possibly may, that the chain of the 
Cordilleras presents a similar phenomenon, I 
can only answer, that I am not possessed of 
sufficient knowledge of the topography and 
geology of that chain, to enable me to form a 
correct opinion on the subject* 

50. Such are the principal reasons which 
have convinced me that the basaltic rocks which' 
I have hitherto had an opportunity of seeing^ have 
not resulted from subterranean fires. — My pur«- 
pose htre, has not been to treat fully the que- 
stion concerning the origin of basalt in gene- 
ral : I have not advanced any thing not founded 
on my personal observations ; and I have only 
deduced such conclusions from them as appear- 
ed to be inevitable. Perhaps ^t some fu* 
fure day,— after I myself may have viewed 

k3 
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volcanoes and their products, and examined 
the basaltes and extinguished volcanoes of Aor 
vergne and the Vivarais, — perhaps I may thexi 
be better fitted to consider that question in siW 
its extent, — to form a just estimate of what Ustf 
been written on the subject, and to bring for- 
ward more interesting facta and example* 
One of my fondest wishes is to undertake su*^ 
a journey, after completing the preparatory e3<- 
aminations which now engage nie*. Tlie«* 
can scarcely be more interesting problems to 
French naturalists, than to determine if so gre^t 
a portion of their country has really at of** 
time been the theatre of the magnificent ar»*^ 
awful scenes presented by volcanoes; if the soil 



• Mr DaubiuBson accomplished his visit to Auver;g**^ 
- in the following year ; and read an accountof his jo*^' 
Bey and remarks to the National Institute. (Jourf^ 
iM Pkysiqitt, t. 58). He now agrees with Dolonii^** 
and other naturalists in regarding the puys or coni*^*^ 
eminences of Auvergne, as extinct volcanoes, and t^*' 
basalt of that country, aa of volcanic origin, or basal*-*^ 
lava ; but he has in nowise altered his opinion conce*'*'' 
ing the aqueous Drigin of the basalt of Saxony. So^'^ 
account 4^ his obKrrai^ons will be found io Norat *^ 



iKchibhJs. now^ otlti vated^ ha&i at some liemote 

now awate of the kind' of-facii which itiust be 
lie80itdd>tom soteing su^ a problem. 
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^^ » 

f 51. tiET US take a birdVeye glatice 6f the €x* 
tent of the basaltic, mass in general, that is, of 
^e mountain's of' basalt which occtir in diflR^ 
rent parts of the globe. We shall begin with 
those of Saxony. Td the east, they unite with 
those of Lusatiaj from thence they join witbi 
those of Lower Silesia, of the county of Glatz, 
and of Upper ^tlesia^ atid they continue as fax 

sdountains fiirni dnlw a!s it wercy a^^ittgle^grdat 
chain. ' Proce^dih^ i^ltlf fartteir to tlie!eastwara, 
basalt occurs in Armenia, in Persia, aij^jlcyjwi 
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very extremities of A^ia, Hindostan, the lAa 
of the So^th Se^ the ci-dewmt Isle of Bourbon^ 
contaju basalt Iq great quantity. To the north* 
ward of Saxony, we find no more in Germany, 
the country being low and flat : but, on the 
other side of the Baltic Sea, it re-appears in 
Sweden, and in Norway; Scotland, Ireland, 
and the Orcades *, are full of it. To the we&t 
of Saxony, we find it again in Franconia ; but 
more particularly, in directing our views a little 
towards the north, in the province of Fulda, in 
Hessia, and the country bordering on the Rhine. 
Beyond that river, we discover some traces of it 
• in Qurgundy ;. and in Auvergne, and among the 
Cevemes, it occurs in vast quantity* Proceeding 
still farther west, we find it again in Spain and 
Portugal To the south of Saxony, all the 



* M. Daubuisson perhaps employs the term << les 
Orcades,^ for the Islands of Scotland in general, or he 
may have inadirerte&tly written it, in place of ffebride$^ 
In the Oribieys properly so called, basalt^ if it occuas 
•t ally is found yeiy sparingly. It is likewise uncom* 
taon in Shetland. But in the Hebrides^ it is very 
^•bttndaat^ T« 
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CAOuntains of the northern part of Bohemia^ 
SLMTC covered with that substance. A little 
oc^curs in Stiria, and in Carinthia. I do not 
Icxiow if any be found in the Alps : but be- 
yond that, in Italy, basalt appears in the Vi-^ 
ceiitine, in some parts of the Appennines, and^ 
according to my infonnation, it seems to con- 
^ stitute the rock of a part of the south of Italy. 
It makes its appearance among the Islands of 
^hc Archipelago, and extends even into Africa } 
the antique basal tes having been brought from 
•Ethiopia. 

M^hen I attentively consider these different 
''^ixiifications of the great basaltic mass, thus 
*^ be found on our globe * ; when I observe 
"^Mr uniformly they incline to contiguity with 
^^oli other; when I iSnd, (from ocular in- 
spection of mountains and of cabinet speci- 



'^ The view which I have here given of the extent of 
^^^ l)88altic mass, must be regarded merely as a loose 
■ketch, very far from complete. The truth is, the 
S'^^^test part of the surface of the earth has not yet 
surveyed by mineralogists ; and my acquaintance 
minendogical geography is but limited. A. 
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inensy a3 well as from what I haye> readX thai 
basalt is really every where the saikijp substance, 
—that it has the same bla^k colduryr-the saiM 
earthy fracture, tcry small granular or ccwn-r 
pact,-ii-the same, specific gravity of 8.000^ — ^tfae 
same hardness^'—'the same tendency to. prisma* 
tic division,— that it occurs every where over 
the surface of the globe, in scattered patches^ 
foming gei^lly the summiteof soi»« lofty 
and conical hills, — that it contains very com^ 
monly the same sort of basaltic homUende 
and olivine, — that it is almost always acc(rin<- 
panied by greenstone, by wacke, or by por- 
phyry ^slatf, — and that, by analysis, it affords 
vei;y nearly the same results,; when I consider 
these facts, I cannot help regarding the. basaltk 
of differient countries, as parts of one whole,—* 
as partaking of one common origin, — as mere 
branches of the same stock. I do not entertain 
any doubt concerning the aqueous formation of 
those which I myself have had an opportn* 
nity of examining ; m4i, ^^4. Py apalpgy, l.9m 

» • 

ancIiAcd to . believe that o^ers, possessing the 
same i3eritical characters, Ksive not been pro- 
duced in a different or opposite manner. 
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I iQiist^ how^v^r, remind the readfer^ that this 
Ustcc^clusiofn. can bei regarded only as acoii^ 
jecture hai^iirded, as I announced in tha be- 
gionipg of .the memoir, (§ 3)^ It has been 
Migge^Cil . to me only, by reading descriptions^ 
and examining cabinet specimens. On such 
da|;a^ it is impossible to form more *than com^ 
jectiires. In natural history, it ought to be a 
nile,. that thorough conviction should result only 
^W)K|. personal observation. 

Perhaps the same defect may be ascribed to 

^y: reasoning, which has been objected to the 

^J'gpuw^t of certain geologists, who, very wilr 

^^g to have it concluded that all basak is of 

^Pl«aniG origin, reason thus: " We are sure 

^*^5tt the blaf:k .masses found on Vesuvius^ £tna^ 

^^•> are products of fire, since they form a part 

^^ the streams of lava ; — we find in other places, 

**^c:k masses re^mbling the former j — these 

'^^^ therefore have, bad the same origin.'' To 

'*^i^ I would answer, thai although the resen>^ 

^•-^mce may b? striking in some respects^ it is 

^"^ from being so in all^ especially in the.ciiv 

^^xnstances attending its position or reposi- 
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Having brought forward a collection of welb^/^ 
authenticated facts, and stated such coKn- 
elusions as seemed naturally to result fro-zn 
them, I have permitted myself to indulge oaly 
in a single conjecture. If it be allowable t:o 
compare small things with great, I mstj 
observe, that M. de Laplace, concludes brt 
" Meehanique celeste,'*— a work which displaj?^ 
the most accurate and most snblime concept 
tions of the human mind, — with a angectuT^ 
concerning the origin of the planetary system ; 
which, he declares, he " submits with that dif^* 
fidence which ought to accompany every opt* 
nion which is not the immediate result of dr* 
servation or calculation.** If a philosopher, w\%o 
is so intimately acquainted with the course of 
nature, and whose speculations all bear th^ 
stamp of the highest probability, proposes with 
diffidence a conjecture which corresponds eH* 
tirely with the known and inflexible laws of tb* 
heavenly Jbodies ; I am sensible how little confi- 
dence is due to that which I have stated coo* 
cerning the origin of basalt in generaK 
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^S. I Aiay perhaps be required to say, whe- 
ther there are not basaltes which have actuaAy 
been the prodiuct of volcanic eruptions; and 
whj^ther I regard ^s fabulous the accottiiti 
whiph so many distinguished naturalists have 
given of extinguished volcanoes? I answer^ 
that since some nevf volcanpf s have broken out 
within thie ipemory of man, it is highly prq- 
liablei that others piay have become extinct^ 
I jdo indeed believe, that such extinct volcanoes 
exist, although I have never see|i any of them. 
Further, it seems very likely, that they should 
occur in a basaltic district, since the greater part 
of active volcanoes are situated in such rocks* 

< • * 

Without entering into any discussion concern* ^ 
ipg the cause of the phenomena pr<esented by 
volcanoes, or the naturp of the combustible sub- 
stancjp which supports the fire, I can easily con- 
ceive;, from what J knqw, the possibility of the 
existence of basaltic lavas. 

I have seen beds qf coal pn fire below beds 
of basalt. The heat arising from such com* 
bustion, is sufficient to melt the basalt Some 
particular circumstances^ as the introduction of 
a great quantity of water into the midst of th^ 



L. _ 



158 OK THE BASAtt Olf^ ^A^OVY. 

fused mass, might here occasion an ^upticm; 
streams of lava' would be produced; and^.these/ 
on cooling, might in p^rt assume theitjony aspect 
of the basalt from which theyw^re produced. 
Even without supposing a volcanic eruption, it \ 
might very well happen that the basalt ttielted bjr*- 
the cdmbustion of the coal, finding some passagt^ 
for escape, might spread itself over a lower piece 
of ground; It would in this case form a streain 
of lava, one portion of which might, when cool- 
ed, have a basaltic appearance, while another' 
might consist of true scoriae, with roasted kni 
calcined stones resembling pumice.— T[liereiniqr 
thus be found in basaltic districts/ true lavas or* 
streams of melted substances, among which ba-"^ 
salt may occur, which, after fusion,' has fesuin* 
ed, to a certain' degree, its previous appearance 7 
it is still true basalt, since it had not changed 
its nature, or become a different substance ;— 
in the same way as it may be said, that melted 
gold is not th^ less gold after it has cooled. 
- But iet us examine the difference between 
those basalts which remain in* their original' po-' 
sition, and tfa^se ' basaltic lavas, or &ivVi»A^ie^ 
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■** they may be called* These last can never 

^^^utain- ciystals of felspar posisessed- of its 

^fctial lustre and trinslucency ; they can never 

^^ found constituting vast beds, which cover 

Entire countries, and extend indifferently over 

l^ills and valleys ; nor spreading over beds of 

coal, without producing the least alteration; 

nor alternating twenty times with bedjtof lime* 

stone 1 I make my appeal to eveiy student of 

]>hy8ics and natural history, whether, when a 

trifling patcl) of basalt is found upon the ismn* 

mit of a great mountain of granite or inica- 

slate, fn which p.o excavation or laceration is 

tx> be 8een,-^whether it is supposable tha't this 

basalt could havp issued from the bowels of that 

s 

mountain ?— Again, when a single thin bed of 
basalt covers a a^ hole chain of mountains, risr 
ing and falling according to the nature of the 
surface ; wl^en it forms a continuous mass, with- 
out affording the |east vestige of those scorise, 
rapilli, and cinders, never awanting in the vi- 
cini^ of volcanoes ; whether such a bed could 
possibly be the product of a volcanic eruption ? 
-—And once more, when a vast |ip?izontal plat^ 
£;nrm of basalt is fcmndy perhap9 tliree )6agiteii 
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in length, a league in breadth, and above three 
hundred feet thick, having the upper part of a 
crystalline te>i:tuje, . and the base resting im- 
mediately on a bed of bituminous and inflam- 
mable substances, which have not thereby im« 
dergone the slightest alteration ; whether it is 
possible to conceive that such a basaltic plat* 
form could ever have been a sheet of melted 
stones ? — ^1 appeal to chemists, whether a rock 
which presents at every step, disseminated in a 
uniform manner through its substance, crystals 
of felspar possessed of their usual lustre and 
translucency, can possibly have been 9^ product 
of fire,-^an agent which so readily destroys or 
alters that mineral? 

I think it needless to extend . farther the 
enumeration of such arguments ; any one of 
which, by itself, appears to me decisive of the 
question. " 

53. If the hypothesis, which supposes the bar 
saltic rocks of Saxony and some others to be 
Volcanic products, is so completely at variance 
with the results to which correct observation 
leads^ s^nd with the principles of sound physics ; 
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it may naturally be enquired how the former 
opinion hajs gained such currency. I would 
ascribe it in a great measure to a love for the 
marvellous. It is well known how readily any 
thing that pleases by striking the imagination, 
is received, and with what difficulty the simple 
unaffected truth can procure a heariQg. It de^ 
lights the imagination to suppose the existence, 

* 

in former ages, of burning mount^ims^ and vast 
streams of liquid fire,— nature, as it were, in 9- 
conflagration, — at the very spot, perhaps, now 
occupied by our peaceful habitations. From our 
childhood, we arc charmed with the^ pompous 
description of the great and terrible phenomena 
of volcanoes *. The imagination pictures to it- 
self the appearance of the fiery gulfs { and 



"V 



* How forcible is the picture which Virgil has given 
of the phenomena of Etna : 

horrificis jnxta tonat ^thna ruinis^ 

Interdumque atram prorumpit ad iBBthera nubem^ 
Turbine fumantum piceo^ et candente favlM; 
AttoUitque globos flainmaniin^ et sidera lambit ; 
Interdujn scopulos^ avulsaque viscera montis 
Erigit eructans^ liquefactaque saxa sub auras^ 
pum gemitu glomerat, fimdoque exaestuat imo. 
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is wonderfully pleased with the employment 
of tracing. the contrast between the present 
and former state of supposed volcanic moun- 
tains. The black and fuliginous aspect of ba- 
saltic masses, and the isolated and striking 
shape of the mountains which they constitute, 
greatly aid the illusion. 

Tlie resemblance between basalt and certain 
products of volcanoes, either lavas or ejected 
substances, naturally excites the notion of its 
volcanic origin. It seems therefore nowise ex- 
traordinary that such an opinion should have - 
been advanced at different periods ; nor was .a 
there any want of specious arguments in support ,^3 
ufit. Some naturalists having afterwards dis- — 
covered the products of subterranean fires, and -M 
likewise some e.vtinguished volcanoes, in the ^=^ 
midst of basaltic mountains, were induced by a. 
general similarity of a.spect, and by taking a part: 
for the whole, to ascribe to the action of fire the=^ 
formation of all black stony masses ; while thff^ 
truth is, that only a small portion had been re- 
jnoulded by that element. Tlic line of distinc- 
tion, according to the report of observers, is 
not always indeed easily assigned. But, I 
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^ ^1^ '^ve of the marvellous 

^*^ this opinion among 

V .ety ; (for, it will 

^ .iot accused philoso- 

, , crs, of being influenced 

^ , but have only said, that it 

^ .il for them to be misled by first 

>> Let the reader reflect, that in 

araisj the flame of peeled hemp-stalks, 

as lights during the summer evenings, by 

.le villagers engaged in winding silk from the 

cocoons, has by travellers been magnified into 

volcanic fire * ! 

54. It appears, says the celebrated chemist 
of Berlin -f, that naturalists are recovering by 



* Chaptal, in his Elements of Chembtry, (article 
volcanoes)^ mentions this circumstance, and gives a liver 
ly account of the proceedings of a party of philosophers 
who, equipped with torches and speaking-trumpets, de- 
tennined to examine the phenomenon more closely. 
On arriving at the spot, they were saluted, by the af? 
frighted country people, with a shower of stones,—- 
which Chaptal quaintly hints they might possibly mist 
take for a. volcanic eruption. 

^ Klaproth, Journal des Mines^ No. 74« 

>2 
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degrees from the volcanic illusion. It is about 
fifty years since a French naturalist revived 
the opinion concerning the volcanic origin of 
basalt, and he lived to see almost all Europe 
adopt his sentiments. Bergman^ the first of 
the chemists who employed himself with dili- 
gence and success in examining mineral sui> 
stances, and who, to an jintimate acquaintance 
with the effects of heat, joined an extensive 
knowledge of mineralogy ; could not bring him- 
self to consider basalt as a product of volcanic 
eruptions. The Swedes adopted his view of th^ 
question. It is scarce forty years since every 
body in Germany considered basaltic mountains 
as ancient volcanoes. Wernee lifted the Nep- 
tunian standard ; and now, among all the Ger- 
man mineralogists of any reputation, I know 
but one (Voigt) who still maintains the old 

ft 

doctrine. We have already seen (§ 41.) in how 
decisive a ^n^nner Klapjioth has pronounced on 
the subject : he, of all the German chemists, 
has had/ most opportunities of observing the 
effects of fire on miiieral substances, and h? ha$ 
besides studied the history of basaltic moun- 
tains with that correctness for which he is re- 
iparkable* In Ireland, Mr Kirwan was a sup- 
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porter of the volcanic doctrine ; but the nu- 
merous chemical experiments which he made 
OTt minerals, and other considerations, led him 
to a change. Th Mitchell*, one of the very 
best mineralogists^ and Mr Jameson, the 
author of the Mineralogical Travels in Scot- 
land, and the greater part of British naturalists, 
consider basalt as having been produced in the 
humid way. 

< 

The geologist, who of all others possessed the 
greatest experience,— Saussu re, the illustrious 
mineralogist of the Alps, — found it necessary, 
in the latter part of his life, greatly to limit his 
notions as to basal tes being of volcanic origin. 
In speaking of the extinguished volcanoes of 
Brisgstw^ he saysf, ** I acknowledge, that 
before studying the writitags of Werner, I 
felt no hesitation ; but that pliilosoplier has 

V - * 

i , 

* The late George Mitchell, M. D. of Belfast iii 
Ireland. He studied under Werner at Freyberg, be^ 
tween the years 1797 and 1802. He died at London 
in 1803, aged little more thttii forty years. For a cha- 
racter of I)r Mitchell As a mineralogist, see Introduc- 
tion to Professor Jameson'^s Mineralogy, l^rst edition. 

-f* Journal de Phyai^w, an S, p. 356* ..T. 
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taught me to doubt." Dolohi£u, who was at 
the head of the Vulcanists, but in whoni the 
]ove of truth was paramount to the spirit of par- 
ty, admitted' that some basaltes had been pro* 
duced in the humid way. He observes *, " I 
have circumscribed the volcanic empire more 
than any other mineralogist, French, English, 
or Italian, having withdrawn from its dominion 
many mineral substances formerly placed under 
it I hold that the basalts of Saxony, of 
Scotland, and of Sweden, may claim a Nep- 
tunian origin." When treating of the basalt of 
Ethiopia, he adds, " I may affirm with certain- 
ty, that it is not of volcanic production." 

From the detail just given, it appears, that 
all the celebrated foreign mineralogists, and 
tiie Swedish, German and English chemists, 
who have paid most attention to mineralogy, 
and have had opportunities of inspecting basal- 
tic mountains, have not thought themselves 
warranted to believe that basalt is a product 
of fire, or has once been in the state of lava. 

It may seem presumptuous to anticipate 



^ Jwmol dc Fkyriqiu, torn* 37« 
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he result of the discussioa which is now 9gi^ 
^fcated concerning the aqueous pr igneous origin 
of basalt^ or to predict what may probably, in 
a short time, be the opinion of all philqskophera 
on that subject. But if it be allowable to draw 
conclusions from analogy^ I would argue thu&. 
It is only forty years since all the mmeralogists 
of Europe considered basalt as of undoubted 
volcanic origin : at this day, die greater num-*^ 
ber of these, have abandoned that opinion : and 
it will not be disputed, that when, in a queb 
stion connected with physics or natural history^ 
a number of philosophers of the first characteiv 
who have long supported a particular opinion^ 
see cause to change their views^ they will $eU 
dom be found to be in the wrong. I may fuii^ 
ther remark, that when the Newtonian school^ 
ai^med with all the force affiirded by mathema* 
tical precision and certainty, attacked the syai 
tem then generally adopted concerning the for* 
ination of the world and the movements of the 
heavenly bodies, the Cartesians began ta modiv 
fy their vortices in differept ways ; and that 
when the French chemi&ts^ after oaf dully obi 
serving what took place i» iim pbtnoowiu ii* 

14 
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chemistry, and exclu<liiig from their expla 
tions what was only hypothetical, undertook to 
■ give a new form to that science, the Stahhans 
were as ready to modify their phlogiston, 
bestowing on it new attributes and various 
forms. On the subject more immediately 
before us, we see naturalists and chemists in- 
troducing into their observations, a scrupulous 
accuracy hitherto unknown in geology ; they 
are calling in question the igneous origin of 
basalt ; and the Vulcanists are modifying their 
opinions, and talking of agents with which we 
are unacquainted, and which are new in their 
nature. When the analogy between the cir- 
cumstances attending this discussion, and those 
which accompanied the decline of the Cartesian 
and Stahlian doctrines, is considered, it seems 
natural to conclude, that the result may pro- 
bably be the same. 

m 

55. I shall refer to the notes (Note X.)^^H 
examination of the hypotliesis concerning vol- 
canistaUm, proposed by Dolomieu, the natu- 
raUst who, of all others, has distinguished him- 
self by attidying volcanoes. 




* COKGlAKlNO BASALT lH GEl^EfeAL. 169 

S6. It may possibly be insinuated, that I 
liave been prepossessed or influenced in my ob- 
servations of nature, as well as in the manage- 
ment of this discussion, by a partiality for the 
doctrines of the school where I imbibed the 
rtidiments of geological knowledge. But I 
nniist remark, that if I had been liable to be in-- 
fluenced by such prepossessions, the national 
prejudice would greatly have overbalanced that 
of the school. I knew that the greater part of 
French mineralogists considered basalt as a vol- 
^^-xiic production : my predilection for those 
I^tiilosophers, and the peculiar appearance of 
^l^e first basaltic rocks which I had an oppor- 
^^inity of seeing, led me naturally to incline to 
'l^eir opinfon. But M^en I had made a greater 
^Mmber of actual observations, — when I had 
^^5camined with care the nature of basalt, its 
^^^nnection with the minerals which accompany 
^ t;^ — ^and particularly, when I had observed and 
Considered all the circumstances attending its 
F^^sition or repository^ or its relation to the rocks 
^^"^ which it rests, and, extending my views, 
^^d contemplated the basaltic mass as a whole ; 
-then all my ideas about their volcanic origin 



: 
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vanished, and in the basalts of Saxony, or even 
of all Germany, I no longer perceived any 
thing but rocks formed after the same manner 
as all other minciral beds had been formed. 



ACCOUNT OF THE PEOPERTIES Ot BASALT^ 

(Added by the ftUther subsequent to the reading of the 
Memoir before the Institute.) 

I SHALL here give an account of the characters 
or properties of basalt, and of the kind of moun- 
tains which it forms, assuming that I may 
be allowed to found on the conclusion which I 
have already drawn (§ 32.) concerning its ori- 
gin. I shall first consider the properties of ba« 
salt as a mineral substance, taken by itself, and 
shall then give a view of its geognostic charac- 
ters. 

The colour of basalt, as already remarked, 
§ 57, is greyish-black ; the black colour of the 
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liomblende, which enters its composition, being 
ixiore or less modified by the grey of the fel- 
spar. It is known that basaltic hornblende 
contains a good deal of iron ; according to the 
stnalysis of Lampadius, it includes also a little 
oarbon : these are the two colouring princi-^ 
I>les. Klaproth likewise has found a little car- 
bon in basalt : he says, " The black colour of 
t>asalt proceeds not only from the oxide of iron 
Mrhich it contains, but also, as has been well 
ascertained, from a small portion of carbon *." 
Occasionally the hornblende has a green colour, 
Perhaps 'from a superabundance of magnesia; 
the basalt then has a tinct of the same colour ; 
and in this case it approaches sometimes to 
wacke, and sometimes to greenstone. The oxi- 
dation of the iron is the cause of the reddish 
or brownish colour observable in certain ba-« 
salts, especially such as are vesicular. 

I shall speak of the external shape, when I 
come to treat of the geognostic characters of 
basalt. 



* Jwmal de$ Mines^ No« 74. 
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The characters^ of its fracture are merely 
wch as a clayey substance highly compacted, 
might be expected to present. 

In hardness and difficult frangibiHty, basalt ^ 
resembles all the other hornblende rocks. I j 
have seen at Johann-Georgenstadt, one of these^^ 
hornblende rocks, a sort of greenstoiie-slate,^. - 
which was so difficultly frangible, that th( 
people employed it in place of iron, for arminj 
the head of the stamps of a stamping-mtinn. 
Each of these stamps weighed about 200 weigh^^^ 
The stones broken by this machine, were vei — ^ 
hard ; the greater part were of quartz. Litt le 
more than half an inch of this hornblende masj 
was worn downo in the course of working for 
a month. 

The specific gravity is a little under that of 
basaltic hornblende, which, according to Haiiy, 
is 3,250 ; while that of basalt is, according ti 
Klaproth, 8,065. Supposing basalt to be a com- 
pound of three parts basaltic hornblende, and 
one part felspar, laying aside all foreign ingrr 
dients, we would have for the specific gp 
vity of basalt, 8,488 + 2,64 == 3,078 ; a resu 
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^which approaches very near to the statement 
of Klaproth. 

The magnetic properties posstessed by some 
sorts of basalt, proceed probably from a certain 
quantity of iron existing in them^ nearly in a 
metallic state. In some basalts, the iron is dis- 
tinguishable by the eye at first sight : it occurs 
under the form of small black and shining 
points, which, when they become enlarged, fonq 
tHose grains of magnetic ironstone, often to be 
observed in this mineral. These are sometimes 
SO abundant, that the loose matter proceeding 
from the decomposition of the basalt, is gather- 
ed and smelted, as at > Naples, in Virginia^ and 
other places. 
"^ The greater or less facility with which basalt 
decomposes when exposed to the influence of 
tlje atmosphere, proceeds from a difference in 
composition. When- it is very black, or when 
it is divided into prisms resembling in colour 
columns of iron, it appears completely to resist 
the action of the elements. In these cases, it 
is^robably nearly a compact mass of basaltic 
hornblende. But the basalt which is l^ss hard, 
and of a greyish colour, contains more felspar : 
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it is well known^ that that substance is very 
liable to decompose, and its decomposition must 
involve the gradual destruction of those rocks 
of which it is a constituent. When the basal- 
tic hornblende contains a greater proportion 
than usual of lime and of magnesia, or, in other 
words, when it approaches to actynolite, and 
forms what Werner calls Common Hornblende ; 
the basalt rock composed of it, is of a green- 
ish colour, and less hard ; it approaches to the 
nature of wacke, and decomposes readily. 

Exposed to the action of fire, it is converted 
into a black glass, if cooled quickly ; and into 
a black substance of a stony aspect, when cool- 
ed very slowly. A mixture of grains of horn- 
blende and felspar, that is to say, greenstone^ 
^ifords the same results. According to Saussure, 
basaltic hornblende melts at 90-140 degrees of 
the pyrometer of Wedgwfiod ; felspar at 70^ ; 
and basalt at 76^. If, while the basalt is melt- 
ing, it be kept in contact with charcoal, the 
irpn contained in it, is de-oxygenated ; the melt- 
ed mass no longer forms a black glass ; and 
the revived metal is found in small globulus. 
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I have elsewhere (Note A.) spoken of the 
^eognostic characters of basalt, and I shall now 
give a more minute description of them. 

58. The crystals which we find in basalt, 
and which give it a porphyritic structure, have 
been produced, during the precipitation of the 
basaltic mass, by some elementary principles 
uniting according to the laws of their affinities, 
a.nd forming the integrant particles of certain 
minerals; the affinity existing between these 
particles leading them to unite in the most 
suitable manner, and thus to produce crystals. 
Xhe power of affinity in these particles, has in 
xnany instances been sufficient to overcome the 
resistance offered by intervening basaltic par- 
tides, and the crystalline form is complete. 
But in other cases, this power has not been suf- 
ficient to turn aside all the basaltic particles, 
but has operated only to a certain extent, so 
as to produce a grain with a lamellar structure 
in place of a crystal. Further, I have often re- 
inarkedy that these grains were of a form ap* 
proaching to that of the crystal which would 
have been produocd, had no obftade inter- 
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vened. The crystals, perfect or imperffex:^ 
found in basalt, must have been formed at xbt 
same time with it, or at least while the mass 
was soft, and before its parts had acquired a 
certain degree of coherence. 

The crystals which occur in all rocks having' 
a porphyritic structure, are, as has been already 
remarked, very uniformly or equally distributed 
through the mass of the rock; and they are ^ 
isolated, it being a rare occurrence to find a 
few grouped or in contact. I think it is easy 
to assign a reason for these appearances. AI* 
most all the integrant particles of crystals have 
united in the midst of a soft inass, in CQI18^ 
quence of their chemical affinity: all those 
Ayhich happened to be within the same sphere 
of attraction, have united around one centre of 
action, or, in other words, have formed a 
crystal ; and the number of crystals produced, 
has been exactly equal to the number of partial 
spheres of attraction. 

59. In explaining the amygdaloidal stnw- 
lure, it seems necessarj^, first, to assign a cause 
for the vesicular cavities, and then to account 
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for these being filled, in wh61e or in part, with 
the mineral sabstances which they contain. 

It is probable that the vesicular structure has 
been occasioned merely by the disengagement 
of bubbles of some elastic fluid prpduced during 
the formation of the rock, the viscidity of the 
matter enabling it to retain the bubbles in the 
place where they had been formed. This elas- 
tic fluid, according to all appearances, has been 
carbonic acid gas, which liad owed its origin 
to the carbon which we know to be contained 
in basalt, united to the oxygen of the oxidex)f 
"iron. I feel some difliculty, I mtist confess, iu 
conceiving how such a cause could so affect a 
bed of basalt) perhaps 150 feet in thickness, as 
that it should, in nearly its entire extent, 
exhibit a vast number of vesicular cavi- 
ties, equally dispersed throughout the mass. 
The fact, however, does exist; and we may 
perceive something analogous in several other 
mineral substances; for exiimple, in some 
ores of manganese,— ^in the masses of cer-^ 
tain veins, such as those of Graupen in Bo- 
hemia, or of Annaberg in Saxony, (§ 22.) — ^in 
the t'aadgtone of Derbyshire, ( § 4S.)— ^bat parti« 

M " 
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cularly in the bog iron-ores, which may be saiMJ 
to be forming under our eye in the marshes cj 
Silesia and Lusatia. This vesicular property ^ 
perhaps peculiar to clayey substances, impre^j 
nated with oxide of iron, and containing 4 
small portion of carbonaceous matter : basalt ii, 
of this nature. 

After the formation of these rocks con- 
taining vesicular cavities, water may have 
oozed through them, particularly in the early 
period of their existence ; and it would natu- 
rally deposite in these cavities the substances 
which it held in solution ; there would tius 
be formed a first coating or layer on the walls 
of the cavities, and a number of successive ad- 
ditional layers would necessarily fill them. Many 
of the cavities are not completely filled ; these 
constitute geodes, and their interior is some- 
times studded with crystals. The greater p«t 
of the substances which I have observed occu- 
pying the air-holes in basalt, are such as seem to 
be most under the influence of water ; as, green- 
earth, or earth of Verona*, steatite, calcareous 

• So called from its abounding in the amygdaloid rf 
MoDte Baldo near Verona. 



spai^ zeolite ; although it is triie that caLeedony 
and quartz also occit]?. 

The ' kernels/ geocks^. and grams \diMch be-^ 
long to the' atk^gduimdal structure^ nsu3t^not bo 
confounded Avkh the gvaims: wibkh oonstituta 
the porpkprkie stsMture* > The (formerhavo beim 
.posterior m^ ^smiatkm to i the c balsalt in whicb 
thejr ai^e^ found ; • the • Izttet^.. coiKtempctfianeotts* 
In the porphytitic 8tructupe/.the^aiii|3rAlvir^)99 
exactly andl compktely ^iiU ^ the /cells, ^hkli.they 
oGcuf^j theiF- sjiape/ is generally ahgulai^'and 
they^ arQ solid. In • the* aaiygdalatdal . s troicturey 
'otf the contrary, theiiqrttvoftthegfainsi is either 
spherical, or at leant rounded ; the ceils are of*- 
ten enipty ; 'tomietln^s thd jit^alU are merdy 
lined with a simple coating; and*'in Mher in- 
stances* the grains theQiselve$ arehottew. 

Lest the density or compactoess- c^ basalt 
should seem to be a' reason for doubting > if <^ 
fluid could pass through a mass of it ; I shall 
mention a striking instance which fell under 
tny own observation. At Almerode, iiekr to 
the Meisner mountain in Hcssia, there wa^ fbr- 
"merly a lead-foundery, the furnaces of whiich 
were partly constructed of basalt, containing a 
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great number of globular cavities. When these 
funiaces afterwards came to be demolished, and 
the stones broken, many of the interior vesi- 
cles were found to be filled with lead and its 
oxide. In the collection of the director of the 
salt-works of Ahlendorff, I saw a curious spe- 
cimen of the basalt from these furnaces : the ca- 
vities were about half an inch in diameter ; some 
were empty ; some were full of minium ; others 
contained balls of lead, the surface of which was 
covered with a thin coating of yellow litharge; 
and the vesicles in one corner of the specimen 
had their upper hemisphere sprinkled with 
white oxide of lead, forming a sort of downi- 
ness, shooting into minute plumous crystals. 
After all, it must be admitted, that the heat o£ 
the furnaces may possibly have dilated the pores 
of the basalt, and thus have rendered it more 
permeable to the melted metal. 

60. The divisions observed in basaltic mvaa,, 
are, 1. Into columns ; 2. Into tabular masses ; 3. 
Into balls composed of concentric layers ; and, i, * 
Into what are called granular distinct concre- • 
tiona. 
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The division into columns or prismSj appears 
to* have been the effect of a contraction which 
took place in the basaltic mass, in the course 
of drying and hardening. All clayey masses, 
in drying, shew a tendency to this- sort of divi- 
sion. I shall not repeat any thing that I have 
already said on this subject, in § 27. The con- 
traction produced cracks, which, inclining to 
assume two, three, four, or more directions, 
very generally parallel to the same plane, divid- 
ed the mass into prisms with four, six, or 
eight sides. These fissures are not straight, 
but are subject to a number of bendings. Some- 
times the divisions extend only a short way in- 
to the basaltic mass ; from this cause, proceed 
many irregularities in the columns. Yet even 
in this sort of division, there is an evident ten- 
dency to a certain regularity. I have generally 
observed, that the more homogeneous, compact 
and hard the basalt, the more did the columns 
approach to the figure of regular hexagons. 
At Stolpen, there are places where the columns 
have as much regularity as artificial prisms of 
cast iron could possess. In one part of the 
court of the castle, as formerly mentioned, 
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which has been fonned by cutting across ^ 
groap of perpendicular columns^ the natu^;^ 
surface has exactly the appearance of a pave- 
ment of hexagonal stones. It would seem sa^ 
if six were the centre or medium of the variV 
tion as to the number of sides assumed by 
columns of basalt ; the cause of which remaias^ 
Z problem. 

The dii^ision into tabular masses is also to \p^ 
i^onsidered as. the effect of contraction -,. the fi9^ 
sures in this case having run only in one direct" 
tion. I have already ^ (§ 15 Of stated sufficiecv-b 
reasons for not considering this tabular di visits ^V 
as a kind of stratification* 

61 • Blocks of basalt often appear in the forr^ 
jof ballsy surrounded by concentric layers like ^ ; 
sort of bark. Both these appearances, I am i«** 
clined to ascribe to the influence of the atmo^^ 
pheric elements. I may, in die first place, r^ 
mark, that I have never observed such ball'' 
with concentric layers, any where but among, 
the fragments scattered along the bases of ba* 
saltic mountains, or in the neighbouring fields: 
unquestionably, they are never to be seen amwg. 
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the unaltered rocks in basal t*quarries, where the 
atmospheric influences have been excluded. 
These coated balls. might, I think| be produced 
in,4:he following manner. 

Basaltic columns are frequently traversed, at 
difierient distances, by fissuriss perpendicular to 
their axes, (§8, 9). If one of these columns 
happen to. fall off, and roll to the bottom of 
the mountain, it will break in the line of the 
Assures,, and will thus become divided into a 
number of angular fragments or blocks, the 
three dimensions of which will often be nearly 
equal ; the angles and edges will soon suffer 
decomposition, being the pa^ts most ex- 
posed to this wasting influence ; and the block 
wiU come to assume a rounded form. The ac-^ 
tion of the elements will proceed towards the 
interior; the outer part, which must be first 
affected, will undergo a change of density, pro* 
bably a dilatation or expansion ; by this means, 
it will become separated from the rest of the 
ball ; somewhat in the same way, as occasion- 
ally happens in a piece of glass, or of earthen* 
ware ; when one portion only suffers contract 
tion ^rexpansion^ it separates from the. rest by 

J«4 
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a crack. The decomposition always proceed- 
ing farther towards the interior, at each step 
(if I may so express myself) detaches a new 
coating, or adds a new layer to the bark. When 
one of these balls is broken, the centre or 
nucleus is found to be black and compact ; the 
layers wnich surround it, form a sort of bark, 
perhaps two inches in thickness : the in- 
dividual layers are of various thickness, and 
they are more grey and more earthy the near^ 
er they are situated to the surface. 

It may perhaps appear extraordinary to some 
persons, that the action of the atmospheric ele- 
ments should pepetrate to the interior of a mi* 
nerat mass, without producing the absolute de- 
struction of the exterior parts in its progress. 
But I shall mention a convincing instance of 
the possibility of this, observed in basalt it- 
self. I have often seen balls of that substance, 
perhaps from a foot to sixteen inches in diame- 
ter, which had been recently broken. The 
centre was fresh, black, and hard ; it was sur- 
rounded with concentric layers of a greyish, 
almost earthy substance, appearing like a sort 
of barky from an inch to ai) inch ^d a-half 
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thick. The ■ decomposition did not seem to 
have proceeded any farther; for within this 
bark-like substance^ the basalt did not appear 
to be altered. But the olivine which it con- 
tained, bore evident marks of partial decomposi- 
tion, to the distance of three, or three and a 
half inches within the concentric layers. The 
grains of this substance, which had formerly 
existed on the surface of the block of basalt, 
were completely gone, leaving only empty 
spaces : those next in order, proceeding inwards, 
were also entirely decomposed, and converted 
into an earthy substance : the next again were 
an assemblage of grains without coherence : 
then the colour only was found to be altered : 
and at last, at the distance of about four inches 
from the surface, the olivine still retained both 
its original solidity, apd all the freshness of its 
colour. 

As to thedi vision into granular distinct concre- 
tionSy observable in a great number of basalts, it 
appears to me to be an effect of the original for- 
mation, rather than of any contraction which 
might happen in dr>ung. Possibly these two 
causes may have concurred in producing thq 
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effect While the deposition of basaitic sedi* 
ment was . gradually going on, certain , particles 
uniting many others around them^ seem in son)e 
sort to have fbrmed particular bodies in the 
middle of the general mass, 

62. I have already (§ 29, 30,47, and Note A) 
mentioned the relations of basalt with the other 
rocks of the same formation, (that of the tra^Sf) 
or, in other words, of thp same family, as they 
all owe tlieir origin to the same solution. This 
solution had contained chiefly the constituent 
principles of hornblende and felspar. While 
it was in a state of tranquillity and purity fa* 
vourable to crystallization, these principles by 
their umon in a crystalline form, would produce 
greenstone. If the constituent principles of fel- 
spar happened to be in greatest abundance in 
the solution, then there would be formed either 
a greenstMef or more frequently a porphyry- 
^late^ according as the precipitation was more 
or less troubled ; but if the constituents of 
hornblende prevailed, as they generally dp, 
then basalt would be the result r Again, if ^e 
Dfecipitatidn had been still ; ^more . impuitj 
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and had become coar^^, th^ sediment would 
form wacke, and at length clay. J need 
scarcely say, that I can only offer these as con- 
jectures founded on probability : but they do 
appeaf tQ me to possess all the presumptive evi- 
dence to be expected concerning facts of this 
description in geology. In the first place, there 
pan be no doubt that these substances belong 
to one and the same formation- they invari- 
ably occur together, and they pass into each 
other by insensible gradations. Further, the 
results of chemical analyses confirm what I 
bjLve stated concerning the differeiites in com - 
position.: the table introduced into Note H. 
sh^ws the chemical composition of Basalt ; 
and the following exhibit? that of Porphyry- 
slate: 



Silica, » . 

Alumina, 

Iron, (oxide), . 

Lime, . • . . , 

Manganese, (oxide), .... 

AlkaK, . . 

Water, 

liQSS, 



Alloy or mix- 
ture of 1 fel- 
spar, and i ba^ 
Baltic horn- 
blende. 


Analysis of 
Jxjrphyiy-slate 
by Klaproth. 


66.38' 67.26 | 


10.60 


23..'>0 


7.00 


3.25 


3.60 


2.76 


0.00 


0.26 


9.76 


8.10 


0.00 


3.00 


3.12 


1.90 
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I once more repeat that I do not pretew 
ciraw any positive or definite conclusions from 
these comparisons ; but submit them only as 
affording hints. And certainly if the alkali 
found in felspar be uniformly potass, and that 
ibund in trap-rocks be soda, the conjectures 
now thrown out must be abandoned. 
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63. Ill regard to the relation of basalt with 
rocks of other formations, we find that it con- 
stantly lies over them, and is never itself co- 
vered. We are now to take a cursory view of 
the manner of its overlying other rocks. It 
has already been stated, (§ 26. and Note A) 
that tlie surface of superposition covers the ends 
or outgoings oi the mineral-beds on which it 
rests, and is not parallel with those beds; from 
whence we concluded, that the solution which 
produced the basaltic mass, must have stood 
at a higher level than these, and that the rocks 
on which the basalt was deposited, had previ- 
ously experienced some wasting or disintegra- 
tion. The many hills which are composed of 
grey-wacke, sandstone, breccia, or puddingstone, 
and the large collections of gravel, of sand, and 
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of clay, are so many proofs of former disinte- 
grations, since they are nothing else than the 
detritus of preceding rocks. Many of these 
hills are of more ancient date than basaltic 
rocks, being covered by them ; there must 
therefore have been a wasting and disintegra- 
tion of rocks anterior to the existence of any 
basalt whatever. 

Viewed on the great scale, basalt occurs in 
patches separated from each other, and it forms 
mountains of a conical shape. Let us con* 
sider these two facts somewhat more close- 

ly. 

In Note I., are detailed certain causes which 
might have destroyed the continuity of the 
great basaltic mass, and divided it into scatter- 
ed portions. For my present purpose, it is 
enough to state, that we have the most inqon- 
testible proofs of the disintegration and destruc- 
tion of rocks, and that these could not be at^ 
tacked and wasted, till the covering of basalt^ 
which protected them in many places, was de^ 
stroyed. If some portions of the basaltic mas» 
have remained firm and untouched, in the midst 
of the destruction of those which surrounded 
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them, the cause is to be found in a difFercnce 
in the hardness, and perhaps also in the nature. 
of the basalt. I have already mentioned in^ 
stances (§ 8, & 29,) of such a difference in 

» 

hardness between neighbouring basalts, and 
even between different parts of the same basaU 
tic mass ; and an additional example is given 
in Note U. The black hard basalt, which is 
divided into columns resembling pillars of iron, 
^ seems effectually to resist decomposition : it 
may perhaps be considered as little else than 
compact basaltic-hornblende : but that kind of 
basalt, which contains more felspar, lime, and 
magnesia, and see^is thus to approach to wacke, 
easily softens and decomposes. This sort would 
yield to the de.^tructivc action of the elements, 
and would be washed away ; while the other 
would remain unaffected : it may therefore be 
the only kind now in existence in many places; 
In this way, we may account for the brokaft 
and shattered aspect of the great basaltic masis 
which covers a part of the globe.' 

64. When the softer portions of the basalt 
were once destroyed, the rocks which they co* 
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vcred would become a prey to the destructive 
action of the atmosphere : their surface would 
become lower and lower in level, especially if 
they happened to be situated on one of the ele- 

I. vated parts of the globe, near the ridge of a 
chain of mountains : while the hard and in- 
destructible portions (if I may use so strong 
an epithet) would remain at their original level, 

I supported and maintained at that height by the 
subjacent rocks, which, by their means, had 
been saved from disintegration. These rocky 
portions, thus preserved, would form a number 
of isolated mountains, the summits of which 
^ would consist of basaltic platforms. The ver- 
tical falling of rains, the continual decomposing 
action of the elements, and the effect of gravity 
on a friable mass such as that of rocks, must 
necessarily produce the conical shape. It seems 
needless to insist farther; as a little reflexion 
must produce conviction. Supposing that the 
ttmosphere could have little effect on the ba- 
lalt of the platforms which form the highest 
ptrt of these mountains, some mechanical 
causes, such as thunder, frost, and in certain 
places even the hand of man, may have contri« 
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buted to the detaching and throwing down of 
basaltic columns. Such disintegrations would 
necessarily affect the higher part of the basaltic 
platform more than the lower ; so that the plat- 
form, in diminishing in size, would assume a 
rounded, or even conical form ; and mountains 
thus ifurnished with basaltic summits, would 
no longer be trunks of a cone, but complete 
cones. 

Basaltic mountains are generally thickly 
clothed with vegetation, often with fine trees. 
This arises from the rich quality of the earth 
which is produced by the decomposition of bf 
salt, and perhaps also from the humidity inci* 
dent to basaltic mountains. Springs very g^ 
nerally appear at the base of such Inountains; 
which we may perhaps explain, by sup|>08iD|^ 
that the basalt, by reason of its density, and 
possessing a considerable power of conducdog 
caloric, fixes and condenses the vapours of the 
atmosphere. These properties render basalt un* 
fit for a building stone; for, in; winter, tbc 
walls of , houses built with it, are found to be 
damp within. 
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Note A. (Page 15, &c.) 

It may be useful to state the circumstances which Pro- 
fessor Werner endeayours to determine concerning a 
rock, when he considers it in its geognpstic relations. 
These circumstances are, 1. Its structure in the smally 
which can be aseertaiped bj cabinet specimens : S. Itn 
structure in the grepty which can be seen onlj in large 
masses, or in entire mountains : 3. It9 relation to other 
rocks of the same formation^ (or those rocks which^e- 
nerally accompany it) : 4. The situation of the whole 
Formation with respect to other Formations qf rocksy in» 
icluding position and stratification. 

I shall attempt verj brieflj to illustrate these topics, 
referring for details to Werner'^s ^f Elementary Course 
of Geognosy .**• 

1. The following tabular view of the structure of 
rocks, will sufficiently explain what is meant by the ex- 
pression structure in the spM^l of a rock, and will at the 
same time shew its different kinds. Werner calls this 
sort of structure, Structur des Gebilrgs-gesteiny literally 
fi^e f^ structure of |iie stone of the rock."^ 
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GEOGtJOSTiC RELATlOl^S, IQf 

^. Mineral masses^ donsiderecl in regar<l to tKeif 
structure in the gredt, Are composed of different strata 
Jplaced one above another; or they are formed by a collect 
tion of columns, tabular masses, &c. ; 6r else they con- 
sist of a continuous and solid mass. The circumstances 
attending the sti'atification of mouiltains composed of 
beds, ought always td attract the particular attention 
of the geognOst. 

S. Thei*e ar^ several differeftt kinds df rocks, or of 
mineral substances, which are \aImost always found 
together, and which thus appear to have been formed 
at the same period. Such rocks are said, in the* lan- 
guage of Werner, to be of the same formation. Thus, 
(iertain kinds of sandstone and of slate-clay, very 
generally accompany coal, and alternate with it ill 
beds : such sandstone and slate-clay belong to the Coal 
Formation. ' * 

4* When one formation of rocks is to be compared 
with another in regard to position (gissement)^ it is 
essential to determine which of the two is really placed 
over the other : by this meatis, their relative age is as- 
certained : for it is evident, that any particular mineral 
1^ must have been formed postferior to another which 
It covers. Thus we know, that the formation of gneiss 
is newer than that of granite, because W;e find the for- 
toet of these two rocks uniformly placed over the 
latteTi The next object is to determine whether the 
edge or superior extremity of the upper bed, is at a 
lower or higher level than that of the other ; and whe- 
ther the plane of separation (surface de superposition) is 
||ttranel to the seams of stratification of the mountain 
fai which the bed is situated. From the correct obser« 
of thes^ particulars^ which it Is often difficult fO 
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accomplisb, very interesting conclusions are to be drawn 
concerning the fonnatton of rocka. 

Let us cany back our ideas to the time when the 
present crust of the globe was formed. The nucleus 
must of course have previously e}dsted. It was sur- 
rounded, we may suppose, with an uniTersal ocean, 
holding various matters in solution : the precipitates or 
sediments were deposited one above another : each of 
them formed a bed or a stratum, which, in moulding 
itself over the preceding, naturally followed the bend- 
ings, heights and hollows which occurred, maintaining 
throughout nearly a parallel thickness. The seams 
which separate the beds or the strata, are called seami 
of stratification. At that time, the lower surface of 
each bed or stratum, which is'called the surface fftu- 
perpositton, or plant of separation, must have been ex- 
actly parallel to the seams of stratification ; and as all 
the layers must then have surrounded the whole globe, 
they could have no upper edges or oulgoij^a. 

Let it next be supposed, that the waters had become 
lower in their level, so that certain elevated points or 
mountains remained uncovered ; it is evident, that 
no lubsequent precipitates or sediments t;ould form 
beds surrounding the whole globe : their upper edges 
Would necessarily be wrapped around the elevated 
points alluded to, which would afterwards appear 
as if they had pierced those beds, and risen above 
them. In proportion as the waters became lower in 
level, the outgoings or upper edges of the beds succes- 
sively formed, would necessarily be lower : but the line 
of separation of each bed, (as well as the general sur- 
face formed by their assemblage), would constantly 
continue parallel to the seams of the stratification. 



■1 

:L^t Us furtlier stippose^ thkt white the waters had di- 
minished to a certain leyel, a disintegration or destruc- 
tion of a part of the solid matter ahready deposited 
took place ; it is evident, that if sueh disintegration af- 
fected one part of a mountain' inbr^ than another, the 
surface of the mountain would no longer maintain its 
parallelism with the seams of stratification. If,, at thia 
time, the waters should again rise^ and the older and 
denuded part of the mountain should be covered with 
a new formation of beds', the seams of stratificktion in 
.thi« formation would be parallel to the surface, but not 
to the stratification of the, beds on which thejr rest. 
Now, the surf ate of these beds is the sufface of supet" 
j)qsitioH 61: plane of separation of the new formation. 
Thus^ whenever we find a formation of mineral bedd, 
the plane of separation of which is hot parallel to the 
stratification -of the rocks on which they rest, we ma]r 
safely conclude, that such rocks have undergone a cej^- 
tain degree of wasting and disintegration before the 
new formation took place ; or, what appears generally 
to have been the case, that a long' interval elapsed be« 
^tween the periods of .the two fonnations. In the sanie 
way^ if the outgoings of beds of clay-slate bcf found uni- 
formly lower than those of beds of gneiss, we may coii- 
, elude that the solution when it deposited the former 6f 
: these two substances, was at a level inferior to that at 
which it stood during the deposition of the latter. Btitt 
if a mineral mass is incumbent on another, and con^^-^ 
quently more recent, and at the same time covert the 
edges or outgoings of the inferior mass, it is evident, 
either that the uppermost mass must have owed itd 
origin to a new solution, which had li&eii above 'tb« 
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Itrel of the fonuer, or that the first solution itself hul 
agaia risen to b higher level. 

We shall now apply this method of considering 
TOcka, to the particular instance of basalt. 

(1.) The slrtKturt in the «na^/ of basalt is aometimes 
titapU : but more generally it is porph^ritic ; and not 
unfrequently it is at once pm-phyritic and amygdaloidal. 
It is generally porphyritic ; because in the midst of the 
basaltic mass or paste, there occur crystals, or gr^os 
(which may be considered as imperfect crystals), of 
basaltic-hornblende, of olivine, augite, magiietic-inm- 
■tone, mica, leucite, felspar, and melanite. These 
crystals or grains have been formed at the same time 
with the basaltic mass ; they completely fill the little 
cell which they occupy, and adhere to its walls ; they 
are pretty equally distributed through the mass, and 
■carcely ever grouped. The structure of certain ba- 
galts is amygdatoiilal ; because small vesicles or cavities 
occur in the mass, partly tortuous, and partly sphwi- 
cal; sometimes in such numbers, that the mass ro- 
sembles a sponge. These vesicles are sometimes 
empty; and sometimes occupied, in whole or in part, 
by foreign substances, which have probably entered 
by infiltration : in some cases these substances line the 
walls of the vesicles, with a simjde coating ; in others, 
rarious layers, often differing in nature, are dqiosited 
one over the other, and form geodea and agates ; and 
in other instances still, they entirely fill up the cavi- 
ties. The foreign matters which are most commonly 
found in basalt, are steatite, green-earth, calcareotH 
■par, zeolite, calcedony, and quartz. 

(S.) Basalt, viewed as existing in great masses, i9 
found divided into beds, which again are subdivided 
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(ato^^^Iiimitar ahdl tabular. The fbrm of flie coluxninr 
is more or less regular ; and I beliere it will be found, 
that, in proportion as the basalt is compact and fine 
grained, the column approaches to a regular hexa- 
gon 9 but I hare seen such columns with three, foui^, 
fire, 8even> imd eight lateral faces. In other respects, 
these polyhedra have nothing in common with those 
which are the inlmediate product of crystallization : 
their edges are more or less blunted : the inclination of 
the sides towards each other, is bj no means uniform ^ 
sometimes it is 120 degrees at one extremity, and 100 
at the other ; 'sometimes there are six sides at one end, 
and but five at the odier : the lateral faces are not aU 
ways planes, but frequently present concavities and 
convexities, which join into the convexities and conca- 
titles of the adjacent faces of the contiguous prisms^ 
These columns have generally a direction approach* 
ing to vertical I sometimes^ however, they are consi- 
derably inclined ; and even entirely horizontal. Very 
generally they are collected into distinct groups, each 
group having a particular position : I have observed 
some, (§ 14.), in which the columns diverged from a^ 
centre like the rays of a sphere ; and in the Jtmrnal de 
Physique f mesMor an 10^ 1 have described a group 
which pretty accurately represented an immense palm^ 
leaf. The columns are often divided at regular inter-«= 
tab, by fissures perpendicular to the axis, and which 
are often curved or concave ; the prisms thus assuming 
an articulated appearance. When such colomns hap' 
pen to ffdl down and break, the fragments, worn by 
the destructive agency of the elements, assume the fonnr 
of balls, composed, at least in the exterior part, of con«r 
••ntric lajers. I have mentibned a strikkg exan^le 
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of this sort of divisioiii in the Journal de Phystquet 
mesiidor an 10, and have explained its production at 
§ 61. of this Memoir. Basalt also occurs divided bj 
parallel leams into plates or tables, which vary from 
half an inch to several inches in thickness. 

(3.) The beds or mosses of basalt are often accom- 
panied by beds or masses of wacke, greenstone, or por- 
phyry-slate. These mineral substances, taken together, 
compose mountains ; they are only found in the neigh- 
bourhood of each other ; and they gradually pass into 
each other, by a progressive series of characters. It 
follows, that they are of the same formation. The 
wacke occurs in thin beds under the basalt^ and the 
greenstone generally above it ; so that the basalt pais^ 
on the one hand, into wacke, and on the other into 
greenstone. In the former case, the basaltic precipi- 
tate or sediment passes into a meclianical or earthy 
sediment ; in the latter, into a chemical precipitate, or 
crystalline form. The porphyry-slate is found in the 
vicinity of basalt, and appears to be of a more crystal- 
line nature. The conclusions to be drawn from theie 
facts have been ah-eady stated, § 29, 30, 37, 47, Note 
K. ; and for an explanation of them, I refer to 
§62. 

(4.) Considered in relation to rocks of a difTcrenl 
formation, it may be affirmed that basalt very general- 
ly lies over them, and is never covered by them : it 
follows, that the formatioH of basalt is newer. We 
have here to attend only to the particular circumstances 
of its superposition. Werner, in his geognostic lan- 
guage, which is equally concise as expressive, ipeakf 
of basalt resting on other rocks in an overlying, an an- 
amformahle, or a broken position, (ubergrtiffenie, ah' 
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wetchtnde, unterhrochene Lagerung), that is to' say, thef 
basalt covers the head or ends of the beds,— -the plane 
of separation between th9 basalt and the other rocks, 
is not parallel, — or, taken as a whole, the bed of ba- 
salt does not form a continuous mass, but is divided oi* 
broken. 

Lastly^ basalt . generally occurs on the summits of 
conical and isolated mountains. 



Note B. (p. 20.) 

Pseudo-volcano at Epterode. 

In Hessia, about a league from the Meisner mottM« 
tain, in the direction of Cassel, and near the village 
. of Epterode, there is a small hill composed chiefly 
of scorched earth and stones. It has the appearance 
of a great collection of refuse from ancient. brick- 
works. Among the substances composing the heap, 1 
remarked porcelain-jaspers, earths scorched and roast- 
ed, ferruginous scoriae, some substances completely 
vitrified, fragments of quartzy-4iandstone, some parts 
of the surface of which bore unequivocal marks of fu- 
sion, and even pieces of basalt, partly scorified, and 
agglutinated to fragments of porcelain-jasper. In one 
place, if I be not deceived, I saw the mineral beds still 
in their original position ; they were of a red colour, 
. much scorched, but not vitrified. AU these facts 
indicate a pseudo-volcano ; that is to say, a bed of coal 
has been burning in that place> and has calcined and 
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vitrified' the difTerent substances which laj within the 
sphere of activity of such a subterr^iean fire. Almost 
all the tops of the neighbouring hills are covered with 
basalt, under which, there sometimes occurs a bed of 
coal, accompanied with sandstone and claj. At the 
Meisner mountain, the coal is at present on fire : this 
had formerly been the case at Epterode^ which is one 
of the lower basaltic summits. 

I have described another pseudo-volcano in the Jmf^ 
nal de Physique^ mestidor an 10. 
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Note C. (p. 21.) 

Description of the Meimer aiountma. 

ts the midst of a mountainous country ^ at tfaedistand^ 
6f eighteen miles to the eastward of Hesse-Cassel, the 
Meisner rises like a Colossus above the suirounding 
hills, from i^hich it stands ^tirely separated. TIk^ 
summit of this hiige mass forms a plain ^ abctot six m3k8 
ih length, and three in Inreadth. The mdnhtain b 
partly naked^ and partly covered with wood. Its side^ 
have a rapid declivity. The whole suiface-rock - of 
this part of Hessia, consists of shelly-limestone^ aKor- 
bating, in some placesi with a red sandstone ; upon 
which, there occasionally lies a shistose-sandstone, (of 
sandstone-flag), which contains much mica, and de- 
composes very readily. Stan ding to the eastward of thef 
lif eisner^ the direction of the general straUfiteation of 
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the beds, appears to be between east and south : the 
inclination is sometimes very considerable. 

The body of the mountain consists of limestone and 
red sandstone : these substances constitute the mass, to 
the extent of three-fourths or of five-sixths - of the 
height, calculating from the western base. I had not 
time to determine the exact order of their arrange- 
ment. I observed in the limestone, beds of clay 
and of gypsum. The body of the mountain is cover- 
ed by a bed of the sandstone-flag above mentioned, 
which is friable, and in some places impregnated with 
bitumen : it contains also some collections of sand : 
this bed is nearly horizontal, inclining a Iktle, however, 
towards the south-east, especially on the east tide. 
Over this lies a great bed of bituminous substances ; 
its thickness varies considerably ; in some places, it is 
not less than ninety feet thick ; but more con(imonly 
it does not exceed twenty feet ; often sixteen feet, and 
even twelve ; and at some points I observed it become 
thinner and thinner, till it at last disappears, the roof 
joining to the jloor. The lower portion of this bed 
consists of bituminous wood *, of a yellowish-browii 
colour^ with the woody texture in entire preservation, 
and of bituminous earth, or brown coal, (Braunkohle). 
In tracing higher up the bed, th^ quantity of bitu- 
men seems to increase ; towards the top of it, there oo« 
curs a pitchy substance "f, or unptuous jet \ ; and 
the upperniost portion generally consists of a singular ; 
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* Brochant's Mineralogy, yol. ii. p. 44, and 49^. 
\ Brochant, vol. ii. p. 49. 
1 Pitch-coal pfJuneson. 
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variety of bituminous matter, divided into small pris- 
matic columns, (bacillaire or Stan gen kohle, the colum- 
nar coal of Jamesou •,) This mass is almost ever; 
where covered with a bed of clay, which Is generally 
of B black colour, and impregnated with a good deal of 
bitumen. The abundance of bituminous matters here, 
has given rise to many mining operations. These sub- 
stances very easily catch fire ; and for ages past, seve- 
ral parts of the mass have been burning. 

Upon this mass of coal, or on the clay which accom- 
panies it, rests the enormous basaltic platform, which 
forms the summit of the mountain. This platform 
varies in thickness, from 300 feet to above 600 feet ; 
and in length and breadth, it extends entirely across 
the upper part of the mountain. Its lower surface 
seems to follow the general stratification, and makes 
some bendings along with the other beds ; and I can 
affirm, that tt is nearly horizontal, at least to a very 
considerable extent ; for the level belonging to the 
works, is more than 1600 fathoms in length ; and for 
at least 1000 fathoms of this extent, the level is near- 
ly horizontal, and is chiefly cut in the bed which has 
the basalt for its roof. I have, besides, explored many 
transverse galleries also e;scavated in the same bed ; 
aU of which had only a slight inclination. The upper 
surface of the platform likewise, has only a very small 
inclination; it is Indeed almost a level. At the same 
time, it presents, on the east side, a wide defile or 
ravine, which begins towards the middle of the plat- 
form. This ravine has probably been produced by the 
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long-<ontitiued action of the waters which run in that 
direction ; or, it is very possible, that such a hollow 
may have existed in the body of the mountain when 
the basalt was deposited, and that this substance may 
have moulded itself into it. The vulcanists find in thit 
appearance the vestiges of a crater. 

In examining the circumference of the platform, 
many breaks or chasms occur, which exhibit its in-* 
terior structure. In one of these, towards the west 
side, the basaltic mass is divided by fissures into 
columns, chiefly six-sided, but very irregular: they 
are from three to six feet long, and about foui^^ inches in 
thickness. The lateral faces present a sudcession of 
convexities and concavities, which join with the conca- 
vities and convexities of the adjac^t fkces of the con- 
tiguous columns. They are arranged in horizontal 
beds; and have the most striking resemblance to logs 
of wood piled in a timber-yard. 

The basalt is very black, and very hard and com- 
pact. It contains, at distant intervals, some minute 
grains of olivine of a very fr^sh colour ; but more com- 
monly it exhibits small vesicular cavities, filled with a 
sort of greenish steatite. The upper part of the plat- 
form seems to ^be almost entirely a greenstone, (called 
Dvkttein by the people of th^ place), or a rock com- 
posed of grains of hornblende and felspar, the former 
ingredient being the more abundant. This bed of 
greenstpne is mentioned by Werner in his Theory of 
Veins, § 49. * ; it is described by M. Schaub of Cassel, 

♦ '* Greenstone occurs on. the Kolbe of Weissner, yery 
"ff^ marked. : it consists of hornblende in large grains^ mixec^ 
with much Mspar well char|u;terized : it is there called Dvh'm 
itcin.''-m.Dr Anderson'^ transUUionf p. 7& T. 
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in his book on the Meisner ; and that eminent mtnera- 
logist and writer M. Voigt, who has exerted great 
talents in maintaining the vulcanic origin of basalt 
against Werner and his pupils, thus speaks of it, in hii 
Mineralogical Travels in Hesaia, 1802 : " The rocky 
mass, called by the inhabitants Rebbes, (or the Milk- 
pot), as well as several other rocks which project 
through the turf in that part of the mountain, are 
composed chiefly of a mixture of hornblende and fel- 
spar, (though I cannot answer for this laat substance 
being a true felspar) ; to which mixture, Werner hai 
given the name of griinsfctn,'" 

The Meisner greenstone is in most places nearly 
compact, so that it is difficult to discern the grains ; 
but in particular portions of the rock, the grains are 
larger than peas. I have piready noticed, § 30. the 
gradual and complete transition from greenstone 
with a granul&r structuie, to the most compact ba- 
salt. 

Severol observers have considered the Meisner as an 
ancient volcano, and the basaltic platform which coven 
it, as lava. For my own part, although I examined 
the esterior of the mountain, and also the interior as 
far as practicable, with the most scrupulous exactness, 
during the space of two days, I could perceive nothing 
volcanic about it ; and I think I may assert with con- 
fidence, that it cannot be volcanic, for the following 
reasons : 

lal, There is here a perfect transition from the mort 
compact basalt to greenstone with a granular struc- 
ture : these two substances are so generally interwovei, 
and blended together in so many places, and tbey paaa 
fo evidently into one another, that it is impossiblb not 




M£ISN£R MOUNTAIN. S09 

16 perceive tliat they are onlj modifications of one 
and the same substance, and that both have had a si< 
milar origin. Now, the granular part, far from owing 
its origin to fire, cannot even have undergone the ac? 
tion of that element ; for it does not bear the slightest 
mark of alteration : the grains of hornblende and felr 
spar have preserved their lamellar structure, their 
lustre, and their freshness ; the compact part, there* 
fore, or the basalt, which is intermixed with the granu^ 
lar, cannot be a lava. The same sort of argument, in 
a similar case, produced convictk)n ^in Dolomieu. 
(See §80.) 

2dfyy A volcanic mountwi is composed of a great 
collection of fragments, stones, scorise, ciaders, and 
heaps of melted substances, accumulated without anjr 
order: it seems evident, therefore, that a mountain 
composed for five-sixths of its height of shelly Jime- 
stone regularly stratified, — this covered by several beds 
of sandstone, and a bed of coal,— -^and the whole sur- 
mounted by a continuous mass of rock, partly compact 
and partly granular in its structure, cannot be a vol- ^ 
canic mountain. 

3(%, A volcano throws out lavas, which, like all 
other fluid substances, obey the laws of hydraulics, ;:nd 
form a sort of stream descending to the base of the 
mountain : but a volcano cannot certainly be supposed 
to have emitted a vast mass of viscid lava, and to have 
fixed it on the top of a mountain, forming in that 
elevated situation a platform nine miles long and three 
miles broad, and more than three hundred feet thick. 

Mljfj A heap of melted stones so enormous as to con- 

' rtitute such a platform, could not be supposed to spread 

itself over a bed of bituminous matters, without pro- 

o 
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ducing some degree of alteration. In the mines of this 
mountain, however, I have in two different places 
3een the basalt in immediate contact with columnar 
coal, while that highly bituminous substance remains 
in precisely the same state as when covered by a bed 
of clay, which is most commonly the case.-^I repeat 
the question, if it is possible to conceive that a great mass 
of melted stones spreading over a bed of bituminous 
and inflammable matters, should not affect them other- 
wise than would a sinq)le sediment of clay ? 

&thly. Although the transition from greenstone to 
basalt is not only completely proved, but is obvious, 
(§ 30), yet some may wish to deny it, in order to 
evade the consequences: this can avail them little; 
for they must admit, that the basalt forms a bed A» 
tuated . between the coal and the greenstone which 
forms the upper pdrt of the platfonh ; in other words, 
that the basalt occurs between a bituminous substance 
and a rock having a granular and crystalline structure; 
-—a situation which no vulcanist will choose to assign 
to his lava. 
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Note D.— (p. 31.) 

Passage of Clay into Wacke, and of Wache into Basalt. 

Professor Wkrner^s account of these transitions as 
observed by him at the Scheibenberg mountain, is so 
interesting, that it des^rve^ to be inserted entire* 
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^< The unlooked for dkcp^reiy, which I made last 
flummer ^t Scheibenberg,''^ (says that emu^ent minera- . 
logist, writing in the year 1788), " concerning the re-- 
lation of basalt to the subjacent rock, must, in my 
opinion, be extremely interesting to all impartial {geo- 
gnosts, especially ,at a time when the qu^tion about 
the nature and origin of b^isalt is agitated anew. 

*^ In passing the Seheibenberg a good many years 
ago, I observ^ at a distance, . and nearly at the top of 
the mountain, a heap of .white soil. Having inquired 
what it was, I was told that in that place the^e was a. 
sand-pit, or rather sand-mine, from which the people 
in the aeighbdurhood took sand for building. ; IS^vUig 
afterwards reflected that a sand-pit. situated near the^ 
top of a basaltic mountain was aa uncommon and ca-; 
rious occurirence, I resolved to inspect it more narrow* 
ly ; and^ accordingly,, accompanied by several of my> 
pupils, I .set out on this little mtneratogical excur- 
sioa. 

*' When still at some distance from the mountain I 
observed near its summit, a pretty deep rut or guUy : 
I of course expected, that at this place the rocks would 
be laid bare, and tiie structure of the interior seen. 
At the same time, I had no expectation of finding 
any thing else than a bed of sand surrounding the foot 
of the basaltic summit, such as is generally believed to 
occur at Poehlberg near Anaaberg ♦. Great was my 
surprize, therefore, when, on arriving at the spot, the 
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* The subsequent observations of Werner, as well as the 
facts stated Ia i 9*, (supfsl, pp. 34, 35.,) shew that the bed of 
sand passes under the basalt at Poehlberg. 
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fint gifliee presoited me with a rq;«ilar stntificatiofi : 
— Over a thidr %ed of yrfiiirg wni^j were placed se^ 
Tcnl lajen of ebjr ; abore tbese was a bed of waAe^ 

* 

<Mi which the ftoiofr rested. I was ddighted to' observe 
that these three difierent beds extended neJEffly' ia a 
horizontal direction^ nnder the basalt. In Ate l6west - 
bed, the sand became finer and finer apwafds, till at 
the top it was argiDaceoos, and then passed completelj 
into chj ; in the same waj, in the ^pper part of tlie- 
second bed, the dajgradnally changed mto wadc^;' 
and this snbstano^ ftgain^ passed into basalt. In ftbdrt, 
there was here a complete transition firMi the purM 
sand to dqrejsand; thence to sandy cky; and, bj 
gradual shades <^ change^ to fine' dajn— to wacke,— ^ 
and at length to basalt. 

' ^ The striking scene before me seem^ to jn«tif/ such 
<50ttelusions as the following, which I almost fnyolontairi* 
Ij pronounced at the moment:— The basalt, 'wacke^ 
claj, and sand, are all portions df one formation ; tbejr 
are precipitates or sediments from an aqueous sohitkm,- 
which had formerly covered the whole country ; the 
waters had at first brought sand into this place ; then 
they had deposited clay; the sediment gradually chan- 
ging its nature, had given birth to woacke, and at length 
produced true basalt. 

<< To these reflections, I have only a few remarks to 
add. The basalt exposed in the guUy alluded to, was 
divided into prisms, nearly vertical in position, and 
distinctly separated from each other. The prismatic 
division not only continued down to the bed of wacke^ 
but extended some way into it. The texture of the 
wacke was slaty in the great* It was not easy to 
fee the lower part of the bed of 9aAd^ as it wa« oomed 
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hj a beep^ of loose mi^tter, dug from the nune : but the 
taipd evidently became coarser and coarser in descending, 
till at length it degenerated into mere grayel. The. 
gneissy which constitutes the mass of the mountain all 
around, makes its appearance immediately below the 
heap above mentioaed. 

.<< I know not how those mineralogists^who argue 
for the volcanic. origin of basalt, will ei^plain the transi* 
tkma now described. For my own part, I am fully con^ 
vineed, that all basalts have been produced in the 
h}imid way, and that they are oomparativdy, ci a very 
recent formation. I am of apinioo, that in former 
ages they all ^constituted pne vast continuous bed» 
which covered indifferently primitive and secondary. 
Focks; that in \th^ lapse of time a great part of this 
bed has been worn down and carri^ away; and thai 
tbet numerous basaltic summits of our present hilb are. 
the mere shreds and remnants of the grand basaltic de- 
position.^ 



Note £• — (p. S6.) 

Mountain qf Diberschaar» 

This lofty and interesting mountain, is situated in 
the county of Glatz, at the distance of little more than 
a mile from Landeck. Its body is composed of gneiss 
and mica-slate, aad it is capped with basalt. It is fully 
described by Mr Yon Buch in his Mineralogical De- 
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toriptioa df 'the Environs of Laiideeky--K>tie of tbe tbest 
geological pieces which has oppetfed*. I can bear 
the inost ample testimony td the accurac j of the ac- 
count of Diberschaar, having myself sees all the ap« 
pearances mentioned . At the top of the mountain, the 
basalt presents small cavities in siiek numbers^ that it 
looks' Id^e a sponge ; and certainty if I had se«B a^piece 
of thb vesiciUar basalt lying near tb some furnace, I 
Rni^tAve taken iifor & scoria : at tfe same time it hm 
nothing of the vitreous appearance^ biit nustlmve o(Mi« 
tained a considgodble. xpamtity of cjatciwil y ftr il is 
very Uladk, and it soils the fingtrs. In the midst of 
this, sort of basalt, I observed mttBe»of coat se granullur 
felspar, with some grains <^ quart? intermixed; so 
that at first I took them for fragments of graniste Ha* 
bedded in the basalt But these felspar masses are 
abo vesicfdar in structure, especially ne%t to the bfr- 
salt ; a fact which satisfied me of their eonftenporaneoiis 
formation. They are often more than a decimetre in 
length ; and although they abound in vesicles, are com- 
posed of granular distinct concretions, and are likewise 
intermixed with grains of quartz, they still possess 
nearly the form of those crystals of felspar that are 
found in porphyries ; the only difference being, that 
here the angles and edges are rounded; The same re- 
gularity of shape is observable in similar masses of fel- 
spar contained in the basalt of the Riesengebiirge. 

■ .1 ■ I w..i... f i, M *■ ..■ ' ■■■. ■■. ■ ■ iii^ r I 

* The little work here irecommended bjT.M. E^ubuisson, 
and before alluded tp^ p. 130^ has been excelleptly translated 
by Dr Charles Anderson of Leith. The translation was 
published by Messrs Constable & Co. m tSlO. T. 
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It is scarcely necessai'y to add, that Vhea I e^^rress 
some surprise at the regular form of these mass^t^ I 
am far frcmt regarding them as crystak* 



Note/— (p/ 89.) 

Passage ef Cby itdo tVdcke and B^tsaU ift SieotttMA^ 

In Scotlapdy tbe transition fhim Clay hrto Waeke 
and Basalt, as described ifi thfi^ text, may^ in some 
plaees^ be distinctly traced i and we £reqileAtly observe 
Trap^ufT passing into Wacke^ tbe Waeke into Aiuyg- 
daloid^ and this latter into perfect Basalt. These 
transitions were first noticed in this country by Pro- 
fessor Jameson ; and to him I am indebted for having 
particularly called my attention to two or three striking 
examples^ which I shall here specify ; all of them being 
taken from a small portion of the coast of Fife^ oppo- 
site to Edinburgh. 

Dnnearn Hill, near Aberdour, is composed of trap* 
tuff^ waeke, and basalt. The Tn^tuff forms the base 
and middle part of the hiU ; and the eareful observer 
will, as he ascends^ perceive this rock gradually refining 
into Waeke ; and this again, passing into Basalt, which 
forms the uj^f part of the hill. 

The smaU hills situated immediately behind the Bba^ 
a hill at Burntisland, are composed of trap*tuif, wacke> 
amygdaloid, and basalt. The lowest part of these hills 
is composed of Trap-tuff : this tuff gradually passes in- 
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to'Wacke ;r the wacke into Amygdaloid ; and tfaisiat- 
ter into Basalt. 

On the coast, stretching from KitigV-woo<)-end, a 
little to the east of Burntisland, to Kinghorn, similar 
transitions may be traced. 

In summer 1812, I had an opportunity of accom- 
panying Professor Jameson and his pupils in an exami* 
nation of the rocks along the shore between Kinghorn 
and Kirkcaldy. We found them to be flo^z-trap rocks, 
— amygdaloid, basalt, trap-tuff, >vacke, Uaiestone, and 
slate-clay. In several places, the Professor pointed out 
to US the Trap-tuff becoming gradually smaller granu- 
lar, and passing into Wacke ; the wacke assuming tbe 
amygdaloidal character, and passing into Amygdaloid ; 
and this latter rock gradually becoming more compact, 
darker coloureil, the vesicular cavities disappearing, till 
the transition into Basalt was completed. 

I cannot help here remarking, how pleasant it was, 
and how well it augured for the progress of mineralo- 
gical science in Scotland, to see upwards of forty stu- 
dents, many of them provided with mineralogical bags 
and hammers, and all of them zealous and attentive, 
thus accompanying their Teacher in the investigation of 
the mineral scenes presented by Nature herself. 

The rocks are here so well exposed by the action of 
the sea, that in the short space of three miles, we saw 
no fewer than sixty-five alternations. These, I shaU 
here enumerate, from notes taken at the time ; begin- 
ning at I'ettycur, and proceeding eastwards ; the ge- 
neral direction of tbe beds being S. S. W. ; and the dip, 
north of east : 
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1. Basalt. 

2. Limestone. . 

& Aifrjrgddbid, wkb abfise of wacke,— the ge« 
ottTai tese of tbe amygdaloid here. 

4. Limestone, 

5. FIint/.^te« 

6. Slate-ekf. 

7« Bed of Mnd and daj. 

8. Bitumkions rimle. 

9. Columnar Imsall, eontainfaif fiteous seoHte; 
. dose tif Betfyeni' Inn. 

10. Aaajrgdaloid. 

11. fflalf j^oek, tMck bed, coniriMiiiGr of Mtumi- 

nons shale and tuff. 
18. Basalt. 

13. Slatj roek, like No. 11. 

14. Basalt. 

16. Amjgdakid; 

16. Basalt 

17. Amypdaloid. 

18. Basafty finely eolnmnart en the shore half- 

way bifttween Pettycur and Singhorn. 

10. Amygdaloid. 

20. Bed of slate-clay, tntiiminoas shale and tuff. 

SI. A Tery thick bed, composed of basalt mixed 
with amygdaloid, both wavhig ; the basalt 
generally tabular. In one place, the basalt 
contains iron-sand^ and forms the kek some- 
times used for oveuHitones: in another 
place tuff with a base of wacke, occurs in 
the basalt. The amygdaloid is much tra- 
versed by minute veins of calcareous spar. 
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22. Slaty rock, like Nos. 11. & 13. 

23. Slate-clay. 

'24L &mi9ton&f with tmnet^^ ve^table impres- 
rioiiA i UtrntdiBUiiy at &». t«wn of King- 
horn, and terminating hsi&ft the church- 
yard. 

25. Slate- clay. . 

26. Amygdaloid.. 

, 27. Thin bed of sandiliule* 
86* AjttjrgdwdM* 

29. Quartzy smJkUmB^ neiiy the sea, four feet 

thick f diminishing hi thijelfiiess itiland, to 
iira er tbrcir inc&o^ apd ther^ ' pas^g into 
quartz. 

30. Amygdaloid. 

31. Quartzy sandstoire; Yhlofbed^ 

32. Amygdaloid. 

33. Quartzy sandstone, alM|^ with sMe^cIay* 

34. Amygdaloid, with tuff. 
3d. Argillaceous sandstone* 

36. Bed composed of anygdafeid mi basalt, with 
.. . pottions of liBiestone androf tuff. 

37. Slate-clay, very mucEt ImJreised by minute 

T^hra of cudcareous spiiir; 

38. Congeries of bedsy consisting cft tiburee beds of 

libvestontt and three thin' %eds of Slate* 
day* 

39. Attiy^gdaloidy containing a^ remarkably large 

drusif canity,' f uH of ^cakaMms- spar ; and a 
thin bed of a reddish strtKatoiee, approach- 
ing to wacke^ subordinate to the general 
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mass*-^ About hait a m3e inlshd, near the 
high road, a quarry has been opened through 
this 1>ed of amjrgdaloid, ia get at the lime- 
stone below, >K e. No* 36.) 
40. Slate-clay, full of petrifaeliosMy chiefly a- 



4K Hituiiikious sfaafe* 
42. Slate-day^ 8 ced irarie^* . 
4&. limestone, fbmxmfif workeA ;i the kilns still 
remaining. ' . ' • ! 

44. Amygdaloid ;: the Ikitoito i a? tki» retting on 

amygdaloid, and Wag* covered by it. — Ap- 
parently subordinate to Afar'lbed of amyg- 
daloid, is a small bed ei*} tritolap mass of 
limestone containing fliAt; * 

45. Limestone. 

46. Slaty sandstone, containiAg^ ^wttunroiis s|iecks 

of mica, and coaly particles. ' 

47. Amygdal0idal^^eiibtoM.«-^6e coast here, 

taking a turn, we Hfo'longi^r #rfk along the 
ikie or sttetcb of th^ <mtgi>i^ of the beds, 
but crossi tfaent dt rigllt Mglesr, so that their 
thickness is ttow 'nuoli iiM¥e Easily ascer- 
tained.) 

48. Sandstone, viry elaycy mi slaty. 

49. Greenstone, Utie Kfk 47. 

50. Sandstone, with vegetable casts*; stems and 

bark of some extinct or unknown palm* 
The sandstone composing this bed, is dis- 
posed in thin partial layers, some of which 
are horizontal, others inclined. A thin 



£20 NOTES. 

bed of slate-day occurs in the sand- 
stone* 

5h Limestone, full of petrifactions, chiefly en- 
trochi ; similar to what is called Fife 
marble* 

62. Sandstone, in which the appearance noticed 
at No. 50., is still more distinctly seen ; the 
structure of the stone being often much in- 
dined or waTed,triiile^the iiAioie'fiffnisa 
nearly horizontal bedk*. v; : 

53. Slate*clay and daywir^mllMMw '■'■'• 

fi4. Bitamiiious shale. \ . i^; , ■'■•'■ 

.66-. Limestone. .■■■■■^'.■. . "-i 

£6. Slate^day. . / . 

£7. Sandstone.^ . . . . 

58. Slateuday. : >: 

59. S^hod^tonef 

60. Slate-day. 

61. Greienstone. la Hub gpMtetcne^ hollows o&* 

eur, whidi are oceutned b7:thto sandstone^ 
and in one plapee tbeig^nstone is aeen eo«^ 
yered by saddje-diaped kyers of the BkoA*^ 
stone and slate-day. 

62. Sandstone* . ';.. 

63. Thin bed ^ slate-coal. • 

64. Limestone, roof iif the coal. 

65. Greenstone. 
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Note g. — (jp. 94.) 

Passage of Basalt into Greenstone in SdMmd.-^BasaUiB 
PorpXyry. 

Qn^mmojsm if a. Td(iy. frequent rode ia Scotland, 
particularly in the middle distrix^ of th^ country, that 
is, in the tract contained bejtween the Grampians and 
the great southern range of mcHmtaias which extends 
firom St Abb^s Head, by New GaltewajT) to th^e coast 
of the Irish Sea. It is, as is well kiidwn, composed of 
hornblende aiid felspar ; but Frofesi6r Jameson is of 
opinion, that augite frequently takes tiie place of hom^' 
blende in its composition. When thcf felspar predomi- 
nates, what the Professor has termi&i Sknittc Chrefn^ 
stone is produced : Wh^ the concretions «re smal), and 
the hor^iblende predominates, ihe rock Is nstoed BasaU 
tic Gremst&ne: nnA when: nearty the whole Inass is com- 
posed of imperfectly crystallised homtdende, it forms 
Basalt, 

Salisbury Craigs, near Edinburgh, afford good ex- 
amples of common and c^ sienitic gretastone. The en- 
tire mass of rock, which foims the bold semicircular 
cliff, seen from the city, consists of a thick bed of com- 
mon greenstone, resting on and covered by beds of 
quartzy sandstone: and, in the greenstone, narrow 
veins of sienitic greenstone, some hundred feet in length, 
may in sevend places be observed. Basaltic green- 
stone occurs in the county of Fife \ the small wooded 



hills in tbe park beionging to the Earl of Moray'^s seat 
of Donibristle, being chiefly composed of that rocfc. . 

The gradual transition from basalt into greenstone, is 
observable in two small isolated hills in East Lothian, 
called North Berwick Law, And Traprain or Diyupen- 
der Law. Dr Ogilby, who carefully examined that 
district of countiy, found that the lowest or oldest rock 
was uniformly a coarse conglomerate ; that this gra- 
duated into amygdaloid ; which, in its turn, either 
passed at onee into basatt, or, in some instaocesy first 
through elaystene ; and this ^itbtr int« -basalt or com- 
pact felspar: these, again^ pas^ into porphyry^siate, 
and the passage into greenstone at the t^<tf the above* 
mentioned hiHs, wbs indicated by i»terpeaed particle» 
of hornblende. 

Not only does flcetz-greenstone' appear to pass into 
basalt; \mt Sienite, a nieteiber of tfie Primitire and 
Transition* series, seems in some instances to pass into 
a rock which Professor Jameson haa proposed to call 
Basaltic Porphyry. 

Ben-Neris, the highest mountain in Great Britain^ 
which has been well described by Tk Macknight, ap- 
pears to contain basaltic pcwrphyry : . 

<< It is at this spot,^ (where the guide asks travellen 
to rest and refresh themselves, before attempting the 
most difficult part of Uie ascent,) ^' that the external 
character of tbe formation, appears ;to undergo a ret 
maikable change. On the opposite, or south side of 
the rivulet, ; two fronts of the rock m stlfK, projecting 
from the delnis by which they are surrounded, present 
thenuelvel, the one at the distance of fome bnndred feet 
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^hove the other» in the-' Iki^ «f^s%«nti''- Qf f fa^se,- €he 
inferior fai a gmali ■■ gutn^iar sM^niti^^^jxHrphj^iyv ^ iv^ 
scales of iriica, and a reddlali) colour ^ bttt tbe kigh^ 
rock is iinexpectedijr foand^ «r apfd<fing the iuLmm»^ 
to consi^ of a gyeyi8h4)ltick substance, somcHinies !»- 
clining to a deep green, "mth* an tinifbrm texture) whick 
seems at first sight in its eharaet^s akd fracture to r«. 
sembie basalt. > 

^^ Stri^ with thili unlooked for appearance, and 
comparing it wtth what I aftenrards found at the siini^ 
mit, I conceived tt first, and for some time, tliat tiMs 
observation thus made was the diacoverjr c^ a fleetss^fisiv 
mation, consisting of clinkstone over porpbTxy^ate 
and basalt, and resting immediately on sienite. I Iher^ 
fore applied myself with eagerness to fiad out what 
might be considered as the junction or line where the 
transition takes place. But the intermediate space, the 
bed of the rivulet, and the surrounding acclivity ia 
every direction, are so cdmpletely covered witk frag- 
ments, that the line sought cannot be ^discovered here^ 
abouts. So that, after spending a long tim^^ and re- 
turning on purpose anbther day to prosecute the search^ 
I was obliged to abandon it without success. 

*^ At the same time, although on thb face of the 
mountain, the quantity of debris from the higher rocks 
is prodigious, and descends probably a little below the 
upper part of the sienitic mass, the experienced eye can 
easily trace the horizontal line, where the fragments of 
the subjacent felspar-porphyry begin to mix with those 
of the overlying dark- coloured substance. It runs 
along the acclivity towards the north shoulder, and is 
evidently but a small distance under the presumed June- 
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tion. I may further ohserye, that all the roclu at tbii 
part of the ascent, are so little uncovered, and decom- 
pose in such a manner, that it is difficult to ascertain 
whether or no they are disposed in beds, and if they 
are so, to determine precisely their dip and direction. 
Splitting, indeed, in rhomboidal masses, they appeu* in 
one view to consist of layers or strata, which maintaiH 
a pretty regular bearing, east of north, with an incU> 
nation of 75" ; dip north of west. But another riew 
presents unifcn-m lines of separation in the mass, whicb 
suggest the idea of a dip and direction entirely diffe- 
rent ; a circumstance, which is probably owing to the 
structure of the stone, as occurring in tabular distinct 
concretions, 

" It then struck me, that the juoction I had sought 
in vain, might perhaps be found laid open on the oppo- 
site side of the mountain, along the front of the preci- 
pice •." 

.Afterwards, p. 343, the Doctor proceeds, " In this 
lonely region," (the summit of Ben-Neris,) " my sur- 
prise and delight were raised to the utmost, by discover- 
ing the line of transition or junction between the diffe- 
rent coloured masses, laid hare on the front of the pre- 
cipice near its foot, and stretching horizontally for al- 
most a mile. The beginning of the line, at the east 
projection ic accessible, by climbing, up the broken 
rocks ; and, on advancing a little farther 4n this direc- 
tion of the hollow, we tind it open to a splendid riew 



' Memoirs of the Wcnieriai 
. i. p. S30. 
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ftf tliV'samc'bertfitiful appearahc^; which, -rfTong the face 
of the perpendicular section, exhibits the structure of 
fhe Wh^e 'stimmit. This line of apparent junction, 
though' hdrfzont&l, is not straight, but a minute angular 
sigz^ag ; and when ciosely* inspected, is found to be, iiot 
the separatioh of two different fiocks, but merely the 
passage of the same rock into a difFereiit cbloiir. For, 
the gradual transition of the one . substance into the 
other, with no change on any of the characters, except- 
itig the Colour, demonstrates the identity and coatinmty 
of tb^ formation. We see- it distinctly at the spot un- 
der the' iiorth*east front of the predpiiee, where the 
ti*ansition is first observed." 

' *^ As the upper part of this formation has certainly 
ati unusual and unexpected appearance, in a geognostic 
point of view, I shall now enter a little more particu** 
larly into the consideration of its oryctognostic charac- 
ters, for the purpose of determining its nature and re^ 
lattons. ' ^ 

«< This roc¥,' as formerly observed, contains in ge- 
neral crystals df felspar. It occurs, however, in dtffe* 
rent places, mthoiit the porpliyntic structure : and has 
then a strong resemblance in some: instances to basalt, 
but more frequently to clinkstone ; as at the top, where, 
if struck with a hamifter, many of the fragments or 
loose pieces, ring like metal. Its fracture exhibits the 
varieties of the splintery, the flat conchoidal, and the 
foliated ; and its colours, those of the greyish-black, 
and the dark greenish-grey. But it dofc^ not appear to 
be ever vesicular, or translucent on Hhe edges ; it con- 
tains no traces of olivine or auglte, so far as my obser- 
vation extended ; nor is the principal fracture slaty in 

P 
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the great, a charactei* without which the porphyritic* 
varieties caimot be considered as porphyry-slate* 

^^ True clinkstone and basalt, indeed, are substances< 
which jbelong to a newer and very different aera of for** 
mation, and do not seem to be so purely chemical in 
their nature as the rock we are considering. But the 
affinity of external characters now pointed out, illus* 
trates one of the principled of the Geognosy *, and ap- 
pears strongly to support a conjecture of my friend 
Professor Jameson, that clinkstone and felspar are near- 
ly allied : because the geognostic position and relations, 
along with the splintery fracture, of the Ben-Nevis- 
rock, demonstrate, that it has a strong afl[inity to com* 
pact fdspar tinged with hornblende 4 and, from a va- 
riety of observations made in Arran, Dumfries-shire, 
and the vicinity o^ Edinburgh, Mr Janieson has infer* 
red, that clinkstone-porphyry passes into compact-feU 
spar and claystone. The great distinction betwixt the 
substances of this genus, which belong to the primitive 
and floetz periods, seems to be, that the former in ge- 
neral are more crystalline ; something a-kin to the re-* 
kttion which subsists betwixt primitive and transition 
or floetz-limestone.'^ 

Von Buch, a well known and accurate observer, de- 
scribes a transition from porphyry into basaltic porphyry, 



. * " The resCi^blance of the newer porphyry to the newest 
floetz trap formation, is deserving of attention. The points of 
the agreement are, in the stone itself, in the structure of the 
rock/' &c. Jameson's Geognosy, p. 138, 
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which he rsmarked near Cbristiania in Norway * ; and 
Haussman, likewise an exeellent obsenrer, describes ba« 
saltic porphyry among the porphyry and sienite rocks 
•f Norway -f** 'P 
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Constituent parts ofBasaU. 

If the results of the analyses which have been 
published of hornblende and felspar, and of basalt, had 
uniformly agreed, it might have! been possible to com- 
bine the two former in such proportions as that the 
alloy produced should have been of the isame nature as 
basalt : unluckily, we do not yet possess data sufficient 
to establish such an equation. Assuming, however, the 
analysis of felspar by Vauquelin, and thai of hornblende 
by Hermann ; by adding together three-fourths of the 
constituent parts of homblend'e, and one-fourth of 
those of felspar, we get a result nearly approach- 

P 2 



♦ Reise durch Korwegen und Lapptand, B. 2. ; — a valu- 
able work^ of which a translation into English is soon to 
appear. 

t Reise durch Scandinavien, in den Yahren 1806 «wrf 1807# 
B. 1. 308, 
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ing to the analysis of basalt by Klaproth ; as may be 
seen in the following table, in which the analysis of 
basalt by Kennedy is also set down : 



TABLE. 



Silica^ . : . . 
Alumina^ . . 
Oxide of iron. 
Lime, .... 
Magnesia, •• . 
Alkali, • . • 
Water, . . . 
Muriatic acid. 
Oxide of manga 

nese, . . . 
Carbon, , . . 
Loss, • • • . 



2^5 

H 



Specific gravity. 



62.88 
17.02 
1.00 
3.00 
0.00 
13.00 
0.00 
0.00 

0.00 
0.00 
3.15 



P as 



P- 



100 



Struts, 
2,55 



37 
27 
25 

5 

3 








a trace 
3 . 






^ 



g ^ ^ 
si ^ 

?*.» ar 
CO S. 



100 



43.46 
24.50 
19.00 
4.50 
2.25 
3.25 
0.00 
0.00 

0.00 

a trace 

3.04 



PI 

M 



100 



Hauy, 
3.25 



3.076 



44.50 
16.75 
20.00 
9.50 
2.25 
2.60 
2.00 
0.01 

0.12 

a trace 

2.27 



100 



3.066 



100 



It will be observed^ that I regard this table as a 
mere sketch, or an approximation to the truth ; and am 
aware that several objections occur to the synthetic 
proportions here set down ; for instance the felspar 
analysed by Vauquelin, was the green felspar of Sibe* 
ria, and not that found in greenstone, which seems to 
differ somewhat from common felspars, and is more 
fusible : further, the alkali found by Vauquelin in fel- 
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spar, was potass, while it was soda that Klaproth ex- 
tracted from basalt ; it is to be considered, however, 
that some chemists have supposed that these two al- 
kaline substances may be merely modifications of the 
same base. 
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Note I. — (p. 99-) 

Answers to some Objections* 

It may perhaps be argued, that if the basalt, which 
now appears on the summits of the mountains of Sax- 
ony, be really the remains of a sediment or deposi- 
tion, from a solution which covered the country ; that 
sediment must necessarily have covered places at a low- 
er level, and basalt should be found at all such places. 

I might reply, in the way of analogy, that gneiss, 
mica-slate, porphyry, and sandstone, exist on the most 
elevated points of the globe ; and that consequently the 
whole earth has been covered by the solutions which 
produced them ; }^et vast countries^ may be travelled 
over, without the least vestige of these mineral sub- 
stances appearing. I shall specify one very strikinjg 
example. M. Ramond found a limestone rock full of 
very entire shells, situated on the ridge of the Pyrenees, 
between nine and ten thouisand feet above the present 
level of the sea. There cannot certainly be the least 
doubt that this limestone has been deposited from an 

p3 
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aqueous solution in a state of tranquillity, or in other 
words, from an ocean, which must necessarily have 
covered the whole earth, with the exception of a few 
lofty summits : and yet there are vast tracts of coUn< 
try, where not the slightest trace of a calcareous depo- 
site is to be seen. 

I shall now make a direct answer to the objection. 
I may begin by mentioning, that I have myself seen 
basalt, on the summit of the Giant Mountains, at the 
height of more than 4000 feet above the level jof the 
cea : it is evident, therefore, that the solution which 
produced basalt, must have covered nearly the whole 
globe, or must h^ve been universal : but it does not 
follow, that the precipitate or deposition, must also 
have been universal ; for, 

1. The solution may very well be supposed not to 
have contained, at the same time, and throughout its 
whole extent, the same constituent parts, or not to 
have contained them every where in the same propor- 
tions. Indeed, it is known, that at the preseiit day, 
the sea, in different latitudes, does npt hold the same 
substances in solution, at least in the same quanti* 

2. Local causes, such as a subtraction of caloric, or 
the presence of certain precipitants, may have affected 
only particular parts of the solution, and produced a 
(deposition in one place, while there was none in ano- 
ther. 

. 3. These causes, acting differently in different situa- 
tions, may have favoured the union of particular con- 
stituent parts in a certain proportion, while, at a distance, 
there may have been formed, from the same elements, ^ 
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combination of a nature considerably (iifTerent. For in- 
stance, it is quite possible, that from the same general 
solution which deposited basalt in Saxony, may have 
been precipitated in America the extensive tracts of 
porphyry-slate observed by M, Von Humboldt *, and 
which, according to the analyses of Klaproth and the 
geognostic observations of Werner, is nearly related to 
basalt, (§ 47. 62.) 

4. In the vast sea, or general solution alluded to^ 
there must necessarily have been currents and agitated 
parts,, while other portions remained in a state of calm 
more or less perfect. Hence another evident cause of 
difference in the nature of the precipitate. In a calm 
situation,, greenstone may have been forming, at the 
same time that basalt was precipitated from a place 
subject to agitation. In the same way, in the pro- 
duction of calcareous rocks, a granular limestone may 
have resulted, where the solution was sufficiently tran- 
quil to permit crystallization ; while compact lime- 
stone was produced from the agitated waters. It has 
been already remarked, (§ 30,) that greenstone bears 
the same relation to basalt, which granular limestone 
bears to limestone that is compact. 

5. The currents and motions alluded to, may have 
obstructed precipitation in one place, and favoured it 
in another ; they may, in some countries, have washed 
away the various sediments, shortly after their deposi- 

p4 
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tion, and may hare heaped them together in other 
places. 

It appears therefore most probable, that the basd- 
tie ]^recipitate never, at any one time, entu'ely covered 
the globe: we have seen that any particular part might 
have been removed, almost the moment after its depo- 
sition. But it must have been after the waters had 
retired, that the great basaltic bed was shattered, di- 
vided, and so much destroyed, as we now see it. 

This disintegration and destruction of rocks, is a fact 
well established in geology. The grey-wacke, sand- 
stone, puddingstone, and breccia, which frequently con- 
stitute entire countries, and form great chains of moun- 
tains ; the vast deserts and plains of sand which occupy 
nearly a quarter of our globe; all the collections of 
sand and gravel which exist at the bottom of the. sea ; 
together- with the beds of clay and of earth, which at 
present cover the surface of rocks ; are evidently no- 
thing but the remains of extensive mountains which 
formerly existed. To furnish so vast a quantity of 
debris, how immense must have been the detritus which 
they have undergone ! Now, as the basaltic mass once 
covered almost all the other rocks, these last coidd not 
have been attacked till after the destruction of the basalt, 
or of its constituent parts ; and, therefore, if the shat- 
tered and incomplete state of the basaltic deposition 
present any thing surprising, it is rather, perhaps, to find 
that certain portions have resisted destruction, than 
that the greater part has yielded to it. 

What, then, it may be asked, have been the causes 
of this destruction ? Without directly answering this 
question, it is sufficient for my purpose to be able to 
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state, that so stands the fact. To help to explain, how- 
ever, the broken aspect of the basaltic deposition, I may- 
remark, that it is very possible that the solution itself 
which produced it, might destroy it in a considerable 
degree during its retreat, especially if this was rapid 
and sudden. The observations of Saussure, and of 
some other geologists, prove the violent effects pro- 
duced by a flood which formerly passed over the 
eartR'^s surface ; the waters have left imprinted on 
the rocks the traces of their violent passage ; the 
Genevese naturalist could not mistake them in the 
Pays de Vaud. But, after all, the grand cause of the 
disintegration of rocks, is the destructive action of the 
elements : however insignificant such a cause may ap- 
pear at first sight, by acting continually and without 
interruption during a long series of ages, it cannot fail 
to produce mighty effects. I may here repeat what has 
been elsewhere observed on the same subject, — That 
Nature has Time at its disposal^ and that a finite ef- 
fect repeated an infinity of times, is in reality an effect 
infinitely great. 

If the objections be pushed still further, and if, 
wliile I allege that basalt is a precipitate proceeding 
from a solution which formerly covered the places where 
it is now found, I be required ' to specify the nature of 
the solvent, to tell whence it came, and from what 
quarter it procured the constituent parts of basalt ; to 
assign a cause for the precipitation ; to say what has 
become of the menstruum, and where it now exists ;«— 
to all such queries, I answer, that I do not interfere 
with remote causes, but confine myself to facts, and to 
consequences which immediately flow from them. I 
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assign to basalt, an origin similar to that of other 
rocks ; and it is evident, that the above objections are 
equally applicable in the case of all rocks. The geo- 
gnost must of necessity content himself with establishing 
facts ; and, therefore, what I shall answer farther, will 
be very short. — The spheroidal form of the earth, appears 
to those best versed in astronomy and physics, a proof 
of its original fluidity. Crystallisation necessarily sup- 
poses a previous solution ; and therefore the crystal- 
line appearance of granite, gneiss^ and other rocks, as 
as well as the numerous crystals which they contain, 
shew that the constituent parts of those mineral masses 
which form our globe, have at one time been suspend- 
ed in a menstruum. The stratified structure of many 
inountains and rocks, indicates that they have been 
formed by a succession of precipitates or sediments. 
The existence of beds of sandstone and puddingstone 
at great heights, and the shape and arrangement of the 
rolled masses included.in them, prove beyond controver- 
sy, that currents and waves once covered those heights. 
Lastly, The petrifactions which abound in many rocks, 
and particularly the remains of marine animals, some 
species of which still exist in the ocean, entitle us to 
believe that, at least at certain epochs, the vast solu* 
tions from which the substance of the rocks has been 
precipitated, must have been analogous to our present 
seas. These are facts ; and our inability to explain 
their cause, certainly does not invalida^ them. 
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Note K.— (p. 76.) 

Basalt of the Schneegrube. 

On the summit of the Riesengebirge, or Giant 
Mountains, about 4000 feet above the level of the sea, 
there is a deep hollow fronting the north, and form- 
ing the comipencement of a valley. The rock which 
constitutes the whole mountain, is a coarse-grained 
granite. In this place, it appears to be stratified, or 
rather divided into horizontal tables, which are a little 
inclined towards the north-east. The hollow is known 
by the name of the Schneegrube, or Snow-pit. It 
really does contain snow the whole year round ; and 
the streamlet which aiises from the gradual melting 
of this, has probably been the principal means of form- 
ing the valley below. The pit may be about 150 feet 
deep ; and it seems to have been produced by a sink- 
ing of the strata. In the western side of this pit, a 
mass of basalt appears, of an elongated form, and 
placed with its back to the granite. Its two sides are 
separated from the granite by fissures. It is about 
twenty-five feet in breadth ; and its length is nearly 
equal to the depth of the pit. It is impossible to see 
whether it runs farther down. It is laid against the 
granite ; and in one place the surface of contact Is dis. 
tinctly seen. The thickness of the mass from that con- 
tact-surface to the exterior face, is from ten to twelve 
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feet. Possibly it may formerly have been somewhat 
thicker ; but it has never been large ; for no vestige of 
it can be traced on the eastern side of the pit. If the 
view thus to be got of this basaltic mass were sufficient 
to entitle us to draw any concl;ision concerning its 
shape, (which I scarcely think it does,) I would say 
that it seems to form a sort of parallelipiped, more 
than a hundred and fify feet in length, five-and-twenty 
in 'breadth, and twelve in thickness. What sort of re- 
pository (glie) may this mass be considered as form- 
ing ? It cannot be ranked as a bed ; for it is vertical 
in position, while the stratification of the granite, (if 
stratification be here admitted,) is nearly horizontal. 
It cannot be classed as a vein ; for its length, in the 
line of its direction, can never have exceeded 160 feet^ 
and its thickness is from nine to twelve feet : While 
these are evidently not the dimensions of a * vein, 
it is equally destitute of the form and structure of a 
vein. Perhaps this mass may constitute a repository 
similar to the Butzcnwacke at Joachimsthal, described 
by Werner in hi« Theory of Veins *. The basalt of 
this mass is very compact, but it contains some vesicu- 
lar cavities, partly empty, but. more generally filled 
with fibrous zeolite. The basalt is likewise traversed 
by small veins of zeolite, only about a line in width, 
but several inches long : these have probably been fis* 
sures, afterwards filled up. The cavities, further, con- 
tain green steatite and calqareous spar. Some grains 



* Sect. 128. Page 233. of Dr Anderson's translation. — 
Professor Jameson, wlio has seen the basalt of the Schneegrube, 
considers it as an iipfiUing, (ausfuUung,) T. 
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of olivine also occur in this basalt. Masses of felspar 
are common, both in separate grains, and intermixed 
>vith particles of quartz : these masses incline to a 
regular form, in the same way as those already men* 
tioned, (Note E.) The mass of basalt is divided at the 
base into irregular, prisms, and, near the top, into 
tables, which form groups ; the laminse in each group 
having a diiferent inclination. 



»%%»%»%% ^ %%%%»'» 



Note L.— (p. 99.) 

Opinion of Werner concerning the Formation of Basalt and of 
Trap'Rocks in general. 

It may not be unacceptable to the reader to have a 
short account of Werner's ideas concerning the forma- 
tion of basalt and other trap-rocks, suggested to him 
by along train of obserVatiohs, and profound reflections. 

He remarks, 

1. That basalt is often accompanied [by wacke, clay, 
&c. (Note D.) ; that in some places it appears along 
with greenstone, and in others with porphyry-slate ; 
and that these different siibstances always occur to- 
gether. He thence concludes, that they have been 
formed at the same epoch, or, in his geognostic lan^ 
guage, that they are of the same formation. 
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2. A gradual passage of the trap-rock^ into eaeh 
other is observable^ clearly evincing their natural 
alliance. The shades of change, by which they pass 
successively into each other, be considers as prov- 
ing that the sediment or precipitate from which they 
were produced, had by degrees altered its nature ; in a 
word, that they are all the product of the same solution, 
and belong to one family of rocks. To the rocjks of 
this family or formation, he gives the general name of 
Floetz Traps. 

3. In this formation, the substances which were first 
formed pr deposited, and which now occupy the lowest 
station, are the coarsest, such as gravel and sand : the 
particles of those which were subsequently deposited, 
become gradually finer, and cohere more strongly to* 
gether; these are clay, wacke, and basalt; those in^ 
which the combination between the particles is most in- 
timate, as porphyry-slate, and those others in which it; 
becomes a true crystallization, as in greenstone, aire ge- 
nerally in the upper part of the series, having been last 
formed* From the order in which the substances have, 
been deposited, he concludes, that at first the solution 
had been much agitated, and that only the coarsest 
particles could then be deposited ; but that it had g|ra- 
dually become more and mor^ tranquil and pure ; and. 
bad at length attained that state of calm, favourable tQ 
crystallization. 

4. This formation of trap-rocks bad been preceded 
by a revolution in our globe, which had greatly 
destroyed or disintegrated the rocks previously existr 
ing, producing gravel, sand, and other debris. 
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6. Among the loivest or earliest products of this for- . 
mation, are frequently found beds of bituminous wood, 
or of coal : it thence appears, that anterior to its date^ 
the surface of the globe must have been clothed with 
forests. 

6. As trap-rocks exist at great heights, the waters 
of the solution must have risen very high. It does not, 
however, appear that they had covered the highest 
mountain*; ; for no basalt or other ficetz trap-rocks are 
found on the summits of these. 

7. As the floetz-trap formation covers all other 
rocks, even the newest, (collections of alluvial mat- 
ter excepted,) it iftust have been the latest formation ; 
and the revolution in nature which preceded it, is the 
last of which any vestige is imprinted on the mineral 
surface of our planet. 

From these observations. Professor Werner concludes, 
that the globe of the Earth is of remote antiquity ; 
that its surface was inhabited by animals, and co- 
vered with vast forests, when it underwent a great 
revolution, perhaps the last of several whirh it has ex< 
perienced ; that this revolution occasioned the disin* 
tegration of many of the rocky masses already ex- 
isting, — ^the total destrcution of the forests, — and was 
followed or' accompanied by a mighty inundation^ 
which rose to a height, equal perhaps to that of the 
highest mountains ; that this immense and necessarily 
raging sea produced accumulations of gravel and 
sand, over which, when it had somewhat abated of 
its agitation, were deposited the earthy, clayey, and 
bituminous particles with which it was charged: 
that as the water became more and more tranquil and 
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pure, the precipitates had become less earthy, and the 
union between their particles more intimate ; wacke, 
basalt, greenstone, and porphyry-slate, being successive- 
ly produced, as it approached to that state of calm and 
purity, favourable to crystallization. 

The remarkable reserve of Werner, has prevented 
him hitherto from giving to the world any full exposi* 
tion of his geological doctrines ; but what I have now • 
stated, I know to accord with his sentiments. I can- 
not Iielp here remarking, that the long-continued prac- 
tice of observing Nature, and of observing with the most 
scrupulous exactness, seems in some measure to have let 
him into the secret of her operations ; insomuch that 
the hints which he throws out as mere conjectures in 
geology, appear to me much more deserving of atten- 
tion, and much more consonant to what we know with 
certainty, than the laboured hypotheses of most other 
geologists. 

It may not be amiss here to explain what is meant 
by a suite of formations. 

It will be recollected, that all rocks which have been 
£Drmed at the same epoch, are considered as belong- 
ing to one formation. ~ Thus, the coal-formation con- 
tains not only coal, properly so called, but certain kinds 
of sandstone and slate-clay, which almost always alter- 
nate with the beds of coal, and which have consequent- 
ly been formed at the same time. But the formation 
of the same mineral substance, or of a substance nearly 
identical in chemical composition, has been repeated at 
different epochs. For example, we find beds of lime- 
stone in gneiss, in grey-wacke, in sandstone, &c. : now, 
all of these limestones belong to different formations. 
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and form what is termed the limestone formation'suite^ 
which thus includes, the primitive, transition, flcetz^, 
and shelly limestones, with chalk, and calc-tufT 
found in alluvial soil. The terms applied to the diffe- 
rent members of such a formation-suite, indicate in 
some measure the period, or at least the order, in which 
they have been formed. The primitive limestones are 
large-grained, of a crystalline aspect, and translucent : 
In those which occur along with slate-clay, the grain 
becomes smaller, and the translucency diminishes : al- 
most all the floetz limestones are entirely ^compact, 
the fracture is slaty, aiid they are only translucent on 
the edges : in proportion as they are newer they become 
more earthy and more opake, till they appear complete- 
ly so in the chalk formation. What a contrast between 
the extreme limits of this limestone-suite, — the fine 
marble of Carrara and chalk or cak-tuff ! The first 
formations of limestone have been pure and crystalline ; 
they appear to have gradually become turbid, and 
mixed with foreign substances ; till they at length 
degenerated into mere sediments or mechanical de- 
posites. 

We find in the trap<rocks a series analogous to that 
which we have just noticed. We have seen that basalt 
passes into greenstone, a rock composed of grains of ba- 
saltic hornblende and felspar. A similar greenstone 
exists among the primitive rocks, and it there passes 
into another rock, entirely composed of granular horn- 
blende. This is the first link of the chain of rocks 
having a basis of hornblende. From this point, till we 
arrive at basalt, or at wacke, we have an uninterrupted 
gradation. AU the rocks of this suite are denominated 
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irap9 by Werner ; and according as they aire found aS" 
^ociated with primitiFe, traofiHioo, or floete rodu^ 
they are failed primitive j tn^nsitianf 'or JbUx tr^in 
The remark just made concerning tiie liioestoiie« 
•uite, is likewise applicable here : the oldest trap 
rocks exhibit a completely crystalline structure: the 
kind o£ structure gradually changes, and degenerates, 
until it becomes earthy, as may be seen in baaolt^ mi4 
atill more dbtinctly in wacke. 



Note M. — (p. 106.) 

Impossibility x)fthe Volcanic Origin of the BasaUie Mods ef 
Scucony. 

It would doubtless be no easy task to fix on a spot 
wh^e any single crater might ha^e existed, which 
could possibly cover all the mountains of Saxony 
with its lavas. These mountains, it has already been 
I remarked, are joined to those of Lusatia ; and these, 
again, to those of Silesia ; all of them forming but one 
great chain : the beds or masses of basalt which occtif on 
them, are every where of the same character, and betf 
the same relations to the other recks : they are ed- 
df ntly the remains of one great bed, or, in the volcanic 
view, they must have been produced by ^ne inimeHse 
stream of lava. It may be assumed, that the crater 
must have been situated on a level at least with tiie 
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highest p(»lioii of the basalt or lava. Thb highest 
portion is at the Snow-pit on the summit of the Giants 
Mountain, (abreadjr mentioned, p. 835) : but the crater 
could not be there ; for all the basalt or lava to be seen 
at that spot, is a mere patch, a few feet in thickness 
and length, and completely surrounded by granite. The 
crater, therefore, ought to be found at a still higher 
point of elevation. Yet it will not fail to be remarked, 
that the Snow-pit is situated on the ridge which fonns 
the most elevated line between the Baltic Sea and the 
plains of the Danube, more than 4200 feet above the 
level of the sea, and about 4000 feet above the neigh- 
bouring valleys ; that there are very few spots of the 
ridge more elevated, excepting one eminence composed 
of granite, called the Giant^s Head (Riesenkoppe), 
which rises about 600 feet higher ; and that the Giants^ 
Mountains in reality constitute only one great moun- 
tain mass, above thirty miles long, but very narrow. 
If, therefore, the basalts of Lusatia, Silesia, and Sax- 
ony, were produced by a single volcano, the lava must 
have issued from the most elevated point in Germany, 
and must in that view be held to have opened, a passage 
to itself precisely at the point which offered the great- 
est resistance ! It is to be presumed, that the volcanic 
fire was under, not within the mountain ; and in this 
cf^e, it seems strange that the lava did not flow from 
the base, directly into the plain, instead of forcing its 
way through granite, to the summit. 

It may perhaps be alleged, that great changes have 
taken place, and that, what is now an elevated summit, 
may, before the wearing away of the surrounding rocks, 
have been comparatively low. But this I cannot admit. 

q2 
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The natural effect of. the causes which are continually 
operating oh the crust of the globe, is to raise the level 
of the low land, by lessening that of the more elevated 
parts ; so that in former times the difference of level 
between the base and summit of the Giants Mountain, 
must have been still greater than now, and my objec- 
tion must then iiave been still more insurmountable. 
I conclude, therefore, that it is entirely impossible 
for us to suppose, that a crater could ever have existed, 
from which all the basaltic masses of Saxony could 
flow. 



Note N. — (p. 113.) 

Cp^d2i'af^jiSHi$^j^'6t7i/^ ofBasaJliy Greenstone, and Lava, 

. .Sir James HxLh observes, that ^^ whinstone (that is, 
greenstone) is composed of black hornblende, and of a 
substance resembling fel^ar, but much more fusible : 
this substance melts more readily than the . hornblende 
with which it is mixed." 

The experiments of Sir James Hall on the compara- 
tive fusibility of basalt, greenstone, lava, and some 
other substances, appear to have been made with great, 
care, a pyrometrical piece being kept in the crucible, 
close by the substance melted. The results which he 
obtained, therefore, are much more to be depended on 
than the loose calculations of Saussure, who does not 
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seem to have attended to the fact, that the several va- 
rieties of felspar and hornblende are fusible in very dif- 
ferent degrees. Sir James found, that well characte-' 
rized greenstone began to melt at a temperature equal 
to 40.55 degrees of Wedgwood'^s pyrometer ; a frag- 
ment of the basaltic columns of Staffa, at 38° ;'lava 
from Etna, having a stony aspect, at 32° ; and lava of 
Vesuvius, eruption 1785, with a vitreous aspect, at 18**. 
According to Guiton, copper melts at 27°, and cast 
iron at 130°, of Wedgwood'^s pyrometer. 



Note O.— (p. 120.) 

Difference between Basalt and Lava* 

I am by no means satisfied concerning the perfect 
resemblance which has been alleged to exist between ba- 
salt and compact lava ; all specimens taken from un- 
doubted lava-streams, having more or less of a vitreous as- 
pect. Even the excellent experiments of Sir James Hall, 
are not conclusive on this subject. Professor Jameson 
informs me, that he found no difficulty in distinguishing 
the specimens of melted basalt from real lavas. I un- 
derstand that the melted basak, slowly cooled, pro- 
duces a stony substance of a deeper colour than natu- 
ral basalt ; and also much harder, giving sparks with 
steel, which natural basalt does not. At Edinburgh 
the resemblance is said to have been complete ; but at 

q3 
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Genera, there appeared to be sensible differences. Some 
mistakes may easily hare arisen from mistaking for 
real lava, a fragment of basalt fowid on Vesuvius, which 
perhaps had been tofh from the walls of the subter- 
raneous caverns and ejected. The similarity of colour 
might readily deceive any one but a practised minera- 
logist. 

One passage of Sir James Hall's paper, seems to shew, 
that such mistakes had sometimes happened : << It is 
generally supposed,^ he says, ^^ that some lavas of JStna 
contain calcareous spar and zeolite ; but this I conceive 
to be a mistake. It is true, as I have seen, that many 
rocks of iEtna contain these substances in abundance : 
but in my opinion these rocks are no lavas, but are the 
same with our whtnsj (greenstone, basalt, wacke, &c.) 
in every respect. One district of MtuB is decidedly of 
this description ; and vestiges of the same kind occur in 
other parte of the mountain. In one place fossil-coal 
has been founds and in another we saw marine shells *.'* 

Sir James Hall visited iEtna, in 1785, in company 
with Dolomieu. He appears, from his writings, to be a 
disciple of Dr Hutton, who supposes that granite, por- 
phyry, basalt, and similar rocks, have once been in a 
state of fusion ; and that, while thus in fusion, and for a 
long time after their congelation, they remained far 
below the then surface of the earth : they are therefore 
considered by Dr Hutton and his followers at a kind 
of subterranean or unerupted lavas. 



* Transactions of the Royal Society of Edinbur^, vdL r. 
part i. p. 69. 
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Note P.— (p. 123.) 

Crystals uniformly dispersed through Basalt. 

It appears to me, that a difference in specific gra- 
vity must, at least to a certain extent, have had 
an influence in determining the position of crystals 
or other foreign substances involved in fluid lava. 
The lighter sorts would float at the surface of the 
melted mass while yet in the volcano; they would 
maintain the same situation when the lava burst 
forth ; we should still find them at the surface, 
and certainly not equally mixed through the whole 
body of the lava. No doubt the very flowing of the 
lava might in some measure derange the Order of posi- 
tion which such substances would take by the laws of 
hydrostatics : but I do not think that the effect would 
t>e considerable; for, notwithstanding the most vio- 
lent agitation of a rapid river, pieces of wood thrown 
into the stream will be observed constantly at the sur- 
face. It may perhaps be said, that the viscidity of 
melted basalt is such, that substances accidentally dis- 
placed could not readily regain the situation fixed by 
their specific gravity : but it is evident that this visci- 
dity would equally tend to prevent the derangement of 
substances which had once taken their proper places ; 
and it affords no explanation whatever of the uniform 

q4 



248 NOTES. 

dispersion of the crystals or foreign substances through 
every part of the mass. 
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Note Q.— (p. 127.) 

Felspar and Hornblende in Lava. 

The mineralogists who have described Etna, make 
mention of crystals of felspar being observable in almost 
all the lavas of that mountain. But it may • be que- 
stioned, if ^these are truly felspar. Fusibility is one of 
tfie distinctive characters of that mineral : it is com- 
posed of silica and alumina, nearly in the proportion of 
4 to 1 ; it sometimes also contains a portion of alkali ; 
and such a mixture must necessarily be fusible. The 
hornblende which occurs in the same lavas, is readily 
melted ; more easily than the felspar, according to 
these authors. If, therefore, these substances are 
fusible by themselves, without addition, before the 
blow-pipe or in our furnaces ; much more may they be 
expected to be so, in the vast fire of a volcano, in the 
midst of a bath, as it were, of various earths and me- 
tallic oxides, acting as fluxes. The homogeneous tex- 
ture of lavas appears to me to prove, that the substan- 
ces which enter their composition have been complete- 
ly dissolved and melted ; and that if isolated crystals 
occur in the midst of lava, such crystals must have 
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been formed during the process of cooling and congela- 
tion. 

Dolomieu himself mentions his having put into a 
furnace pieces of lava, containing crystals of felspar 
and hornblende, (but it is not impossible that these 
may have been pieces of real neptunian basalt, that 
rock almost encircling the lower part of Etna) ; and 
he admits that the same heat which melted the lava, 
melted the contained crystals, and that the product was 
a homogeneous glass. Still, however, he holds that 
the felspar and hornblende existed in the rocks which 
furnished the substance of the lava; and that these 
rocks had only been softened by the influence of the 
volcanic fire, as otherwise the crystals would have been 
deranged and altered. 

He thus expresses himself concerning the felspar t 
** The scales and crystals of felspar, are not foreign 
to the rock which contains them ; they have not been 
accidentally enveloped, but have been produced in the 
spot where they exist ; having been formed by the at- 
traction between similar particles of matter, while the 
whole substance was in a state sufficiently soft to per- 
mit such actions : I here speak of the fluidity which 
the rock must have possessed during its first formation 
in the humid way, not of the softness or semifusion 
which may afterwards have been produced in it by vol- 
canic heat ♦.'" 



* List of the lavas of Etna^ printed at the end of the 
Memoire sur les lies Ponces, 1788, p. 202. 



Bolomleu^ it will be rem^mb^red, thought it fit« 
cessaiy to consider volcanic fire as of a nature alto* 
f ether peculiar ; but I see no reason for adopting thai 
Opinion. The homogeneousness of the patto- of lavas> 
$bews that the heat is siifficieiitlj intense to melt aU 
the constituent parts ; and it seems difficult to explain 
how certain detached crystals should hare escaped the 
influence of that heat^ and remained perfect* When 
eicperlenced (chemists investigate the subject, it will pro- 
bably be fouud, that the matter of heat in a volcano doe^ 
hot essentially differ, in its nature or efteets> from cohi* 
fition caloric. 

The appearances described by Doloniieu, (suppositig 
them correctly observed,) are not only at variance with 
some established chemical doctrines, but^ what \t of 
more consequence, with the first principles of hydro- 
statics. *^ The fluidity of the lava,*" he says, •* has not 
filtered either the external form, or the lamellar struc- 
ture of the felspar ; nor hav6 the crystals changed their 
local position in the mass * :^ and he mentions a lava in 
whicli the ci*ystals of felspar were sepaJrated about two- 
thirds of an inch from each other, and spread near the 
bottom of the mass with a considerable degree of regu* 
larity. But perhaps it may be questioned whether these 
crystals were really situated in a lava : how is it po»> 
sible, indeed) to conceive that bodies qpecificallj lighter 
than the fused matter in which they were suspended, 
should have retained their respective positions, without 
running together in groups, or endeavouring to rise to 
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* Ui mprdf p. 251. 
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Ibe Surface, during all tbe tiolent agitations to which 
the fluid must necessarily have been subjected ; for, a€ 
is to be considered, that the lava must have existed for 
some time in the volcanic caverns in a state of fiisiony 
and must there have been kept in motion by the con* 
tinual escape of clastic fluids ; that it must aftermurds 
have been'raised from the sub^rranean abyss, to the 
summit of a mountain, perbi^ 9000 feet high, by an 
energy far surpassing any projectile force with which 
we are acquainted ; and that it must have flowed from 
the elev<tted crater with the rapidity of a torrent. 

^ I admit, however, that it is impossible and absurd to 
argue against facts ; and if the mass in which these 
crystals occur, be a real lava, I would be inclined to re* 
gard this as one of those mysterious appearances in na- 
ture, which we must believe without being able to ex« 
plain. 
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Note r.— (p. 141.) 

Basalt and GreetMione oUernaHng with Coal in West Lothian. 
— Notice af the laie Mr ffUUatns, the Mineralogist. — Ba^ 
salt and Coal in Mull,^-^-and in the Faroe Islands. 



Basalt and greenstone with Coal in Linlithgawshire."^ 
In § 47., Mr Daubuisson argues against the volcanic 
origin of basalt, from the relative position which it ge- 
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nerally occupies in regard to other' minerals, such M 
limestone, clay, or coal. He brings forward examples 
of its alternati(ta with such mineral beds, and coming 
in contact with theni, without any alteration being pro- 
duced. At the Meisiier Mountain in Hessia, it rests, 
in one place, immediately on a bed of highly bituminou9 
cosl *, which, however, exhibits no indication of ha- 
ving suffered any alteration from contact with the ba- 
salt. 

I understand that it is the true Basalt of mineralo- 
gists which occurs at the Meisner next to the coal. 



* Structure of the Mcisner Mountain. 



Greenstone. 



Basalt. 



Columnar coal. 



Conchoidal glance-coai. 



Pitch-coal. 



Brown coal, often verging on pitch-coal. 



Brown coal^ often including bituminous wood 

and earth-coal. 



Bituminous wood. 



Limestone. 



Sandstone. 
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In some of the other examples given, such as most of 
those in Scotland, the rock called' Basalt m Mr Dau- 
buisson'^s Memoir, we know to be the Greenstojie of 
Werner. But that is a circumstance which evidently 
does not affect the argument. Not only has basalt, 
in many places, been traced passing into greenstone, so 
as to prove that both have had a similar origin ; but 
Plutonists an4 Neptunists are agreed as to that point, 
and dispute only whether the origin has been igneous 
or aqueous. 

The remark now made, is applicable to the instances 
quoted by Mr Daubuisson from Williams's " Mineral 
Kingdom,^ of ^^ thick beds of basalt occurring between 
beds of coal,"^ at Borrowstounness and in the Bathgate 
Hills, both in the county of Linlithgow *. Mr Wil- 
liams calls these thick beds " basaltine rock,'' which he 
explains to be the rock " commonly called whirutone^ 
—a Scottish term which universally includes greenstone,, 
and is most frequently a[^Iied to that rock. His words 
are : " Strata of basaltine rock are very conmion in 
many coal-fields in Scotland. There are several thick 
beds of this stone betwixt the different seams of coal at 
Borrowstounness, and one of them is the immediate 
roof of a seam of coal in that ground. — In the Bath- 
gate Hills, south of Linlithgow, there are several strata 
of coal, and several strata of basaltes blended together, 
stratum super stratum.'''* 

I have been told that whinstone >s not the immediate 
roof of any of the seams of i oal at present worked at 



♦ Jnied, p. 140. 
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Borrowstounness* But Mr Williams may very possi-*' 
hly have observed it forming the iomiediate roof of 
some thin and insignificant seam of coal5 which, though 
an instance equally conclusive in favour of the argument^ 
might very readily escape the notice of those who inte« 
rest themselves only about workable seAms. It may 
further be remarked, that large beds of greenstoQe oc- 
cur in the coal-field of Borrowstounness. A bed of this 
kind several yards in thickness, resting on sandstone 
and ( covered with the same sort of rock, is very well 
exposed on the shore of the Frith oi Forthi about a 
quarter of a mile westward from the town. 

From my friend the Rev. Mr Fleming of Flisk, who 
is well acquainted with the mineralogy of West Lothian, 
I learn, that the mines in the Bathgate Hills, where in 
all probability Mr Williams made his observations about 
forty years ago, have long ceased to be worked, and the 
appearances which he describes, cannot therefore, at this 
day, be distinctly observed. Many examples of the oc- 
currence of beds of greenstone in the independent coal 
formation of Linlithgowshire might be mentioned. Sudi 
beds, Mr Fleming remarks, are seen alternating with the 
regular strata which accompany the coal in several places 
of the Hilderstone Hills ; and greenstone covers beds q{ 
slate-clay and marl which rest upon common grey-lime- 
stone at Hillhouse and Wardlaw, on the northern extre-- 
mity of the Bathgate Hills, and at Kirkton on the south- 
em side ; and these beds of limestone are conformable 
with the beds in which the coal is included.. Beds of 
ajnygdaloid, with a basis of greenstone, likewise occur 
in the coal-field at Bathgate. 
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Basalt, properly so called, it m^j also be mentioned, 
does occur in West Lothian : it appears between the 
old Silver Mines and the little eminenee called Binny 
Craig. It contains numerous imbedded grains of oli- 
vine, and rests on beds of trap-tuff containing crystals 
of augite. These beds, however, Mr Fleming is dis- 
posed to consider as belonging to the newest ficEtz-trap 
firmation of Professor Jameson, apd as altogether un- 
iKmnected with the ooaUfield. 

WiLLiAiis the imneralegut.''^A% the history of Mr 
Williams is very little known, a few particulars may be. 
Acceptable ; more especially as my acquaintance with his 
son ^, enables me to state them with some degree ci 
accuracy. 

He was the son of a clergyman in Glamorganshire, 
South Wales, and was borQ about the year 1730. 
While a boy, he resided a good deal at the copper- 
mines of Anglesea, and thus very early acquired a taste 
tot mining pursuits. Having reached manhood, he 
travelled into Scotland, and was fortunate enough to 
be employed by the Commissioners for Forfeited Estates 
in the survey of some of the extensiVie Highland do- 
mains placed in their hands. In this employment he 
spent a considerable number pf years. It w^s in the 
coursi^ pf this survey that bis ^tt^tion was particularly 



♦ Mark Antony Williams, Esq; surgeon in Haddington,-*- 
who obligingly revised and corrected this notice of his Fa- 
ther. 
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attracted by the vitrified forts of the north of Scotland ; 
of which he afterwards published an account. 

About the year 1T70, he took a lease of a coalwork 
on the banks of the river Brora in Sutherland. The 
seam then worked, proved to be of very limited extent, 
and the coal was so sulphureous^ that when taken on 
ship-board, to be conveyed to the towns situated on the 
Moray and Cromarty Friths, it was apt spontaneously 
to take fire. This speculation, therefore, proved un^ 
successful * ; and was abandoned in 1774. 

After this, Mr Williams was successively engaged 
in the working of the lead-mines at Wanlockhead ; and 
of the silver-mines at Silver Hills, West Linton. In 
these operations, he embarked the greater part of the 
capital he had previously acquired ; and unfortunately 
neither of the concerns proved successful. He after- 
wards for some time superintended the coal-works at 
Blackbiurn near West-Calder; and in 1778, became 
overseer and factor at Gilmerton Colliery, belonging to 
Mr Baird of Newbyth. Here he remained abofe thir- 
teen years. During this period, his fame as a miner verj 
greatly increased ; so that he was consulted by most of 



T-* 



• The coal on the banks of the Brora, has, of late years, 
been again tried, by order of the Noble and enlightened pro- 
prietor. Earl Gower, and promises fair to be useful to the 
North of Scotland. In a new pit opened in 1811, at the 
depth of somewhat more than 200 feet, a bed of '^ hard caking 
coal," S leet 3 inches thick, was found, and almost immediate- 
ly below it, a bed of " hard splent coal," 1 foot 4 inches 
thick. Sutherland Report, 181^. 
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the coal proprietors in Scotland^ whenever dii&cultie« 
presented themselves in the course of their mining ope- 
rations. In this inteiral, he brought out his publica- 
tions. In 1777, under the auspices of Lord Eames 
and Dr Black, he published a desfCription of the vitri* 
fled forts in the north of Scotland/ in a curious tract 
entitled, *^ Letters from the Highlands *;''^ and twelve 
years afterwards^ he produced his large work on the 
Mineral Kingdonl f; which, it is believed, met with 
but little attention from the public at the time, but 
which certauody laid the foundation for no small share 
of posthumous fam^ to its author. 

About the jestr 1791/ he left Gilmerton^ and became 
engaged, along with the late Dr James Anderson, in 
conducting The Bee^ a periodical work then published 
at Edinburgh, and which acquired considerable re- 
putation. 

He afterwards spent nearly two years in travelling 
through England with Count Zenobia, visiting all the 
great manufactures and mines of that country ; and he 
was at last induced to go to Italy with that nobleman. 
On his arrival, he set on foot the working of limestone, 

R 



* '^ Letters from the Highlands of Scotiand^ addressed to 
G. C. M. (George Clerk Maxwell) Esqs By John Willidtos^ 
Mineral Sui^reyor/' 4to. Edin. 1777- Mr Creech was the 
publisher, and has still some copies in his pdbsession. 

f ** The Natural' History of the Mineral Kingdom. By John 
Wrlliams, Mineral Surveyoi", F. S, 9. A./' in two vols: 8v#: 
Edin. 1789. 
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Veroiia : he was going on with these unproiremeBtS) 
when he was unfortunately seized with a tjrphoid ferery 
which proved fatal in the end of the year 1797^ when 
he had entered hia si^ty-eighth year. 

I cannot ckise this short nofice without renuffk- 
!ng, that the merit of Williams^ as an accurate ob- 
server, and original thinker^ is perhafis greater tiian 
many mineralogists are aware. While he certainly had 
not even heard of the Wemeriatf doctrines, he published, 
in 1789, his opinion, that ** water has been- the agmf 
in the formation of the sU^ata ^ and that aU the. pheno- 
mena which we behold jxpan and withui. the superficies 
of our globe, have been produced by Water.^ He holds, 
that '< it was water that brought and poured the in- 
gredients of all the mineral ores into the cavities of the 
veins, while those ingredients were in a fluid state ;" 
and that << dykes^ are cracks or fissures filled with he- 
terogeneous matters by water; — just the W^merian doc- 
'trines of mineral veins, and of the veins caDed << dykes.^ 
Further, he observes, that <^ eoals, and their concomi' 
tant strata,^^ oceut in basin-shaped coal-fields, which 
are unconnected with each other ; thus making a re* 
markable approach towards distinguishing the /n- 
dependent Coal Formation of the justly celebrated 
Professor at Freyberg. The q[)inion, that beds of 
whinstonej (meaning chiefly greenstone and basalt,) 
are unerupted lavas, had gained ground in Scotland, 
being supported especially by the late ingenious Dr 
Hutton : Mr Williams, however, shews, that *<< ba- 
saltic strata • spread as wide, and stretch as far in 
the longitudinal line of bearing, as any concomitant 



ttrata^ being regularlj plaeed limdng the oUiers wtuck 
form t^e solid superfikiiefl. of our gldbe ;-— th^y have 
therefbre been formed in. the! same way as the other 
i^tiBta :-r*the columnar and g^eboii; figures which they 
Sometimes exhibit, have bi^ehed from' drying';«f-*«nd 
it would be strangely absUrd to imagine t;hat burning' 
lava could came in contai!! with tioal without dof : 
strojing it*.*" . Besides/ this essay oik the. Mineral 
Kingdom contains much valuable pcaetical in£brmatioi^ 
{larticularly oh th6 interesting subject of <ioal-mining } 
whUe sbiAe unstipfpbrted speculations, congeming ffrthe 
mutations of our gklbe,^ aUd similar topics^ in whick 
the author has chosen occasionally to indulge, call merj^ 
easily be forgiven. 

Basalt dhd coal in MulL — In quoting Mr Jameson'*^ 
account of the occurrettce of coal, having a roof andf 
pavement of basalt, in the island of Mull, Mr Datt-' 
buisson has fallen into a dight topographical mistdce^ 
which, however, it may be proper to point out, to save 
some future trilveller froni being misled. Mr Jameson 
does not say that thb bed of coal is sittiated on the 
^< north-east side of Mull,"" as stated iii Mr Dau- 
buisson's Memoir, but only that it is situaited oii 
ihe north-east side of a promontory in that, island* 
His words ate : '^ We crossed Lochskfiddan near its 
moUth, and walked along ihe shore, which is low and 

k2 



* Mineral Kingdom^ vol. ii. pp. 4d., &c. ; also Ihtroduc- 
tion> p. xliii. where some spirited remarks are intrbduced on 
ihe Huttonian Theoryi which had been then newly announced. 
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basalticp uAtil we approach Artown, where it jtits ou6 
into a promontory, which presents several very beau* 
tiful ranges of basaltic columns. Upon the north-east 
side of the pronumtofy^ we observed, immediately upon 
the shore, a stratum of coal,' which has for its roof a 
mass of knperfectly shaped basaltic pillars; and its 
floor is abo basalts The stratmn is about twdve inches 
thick *,^ &c. The fact is, that Artown, and the pro- 
montory here mentioned, instead of being on the north- 
east side of Mull, form the south-toest e:stremity of the 
island, — ^the point nearest to lona or Icolum-kiU, so 
celebrated in the ancient history of the Hebrides and of 
Scotland.* 

Coal and basalt in Faroe. — ^The examples here alluded 
to by Mr Daubuisson were first noticed by Captain 
Bom,« in the Memoirs of the Natural History Society 
of Copenhagen- "f; and the Captain^s descriptions are 
copied by Mr Landt, in his Account of the Feroe 
Islands :{;. The following, successive beds, proceeding 
frombelow'upwards, are enumerated as occurring in an 
islet vs hich has seemingly been detached from the larger 
island of Myggenaes, the most westerly of the Feroes. 

1. Small crystiallized basaltes. 
£ Black stone, full of cavities; 
3. B!ed petrified day. 



i<Ml 



* Mineralo^cal Travels^ 4to, vol. i. p. 214. 

t Skrivter af Natur Historic Selskabet Copenhagen^ 1 795- 

X Description of the l^'Toe Islands, by the Rev. G. Landt > 
translated from the Dmish^^-Londonj 1810. Pp. 17* & 15. 
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4. Bluish grey stone, with calcedony. 

6. Compact dark.blue stone, coarse-jgrained fracture. 
€. Petrified cl^y, 

7. Black stone, with carities. 

8. Petrified clay. 

9. Fine-grained hard grey stone, like sandstone. 
10. Basaltic stone. 

IL Basaltic columns. 

IS. Grey hard rock. \ 

13. Coal, thin bed. 

14. Black clay. 

15. Basaltes. 

16. Porous stone. 

It is easy to apply the Wernerian nomenclature to 
several of the rocks here alluded to ; but it is rather 
difficult to guess at the synonimes of others. 

Nos. 1, 11, and 15, must mean either columnar ba- 
salt or greenstone ; probably th^ latter : for. Sir 
George Mackenzie and M;* Allan, who visited Faroe 
in the summer of 1812, found that the perpendicular, 
columnar rocks of Faroe, as far as they bad an oppor-, 
tunity of obseryin^ them, were greenstone ; basalt 
occurring onlyin narrow veins, and there divided into 
small horizontal columns, similar to thds^ at Plauischen- 
grund, neaf Dresden, ^lrea4y despribed in the Memoir, 
supri^ p. 70. 

Nos. 2 and 7? according to Sir George Mackenzie, 
may pro^bly signify , vesicular poiphyry, he baring 
observed such a rock, of a blaqk colour, to be common 
in the islands. 

Nos. 3, 6, 8, 9, called <« Petrified clay,'' " Red pe- 
trifif^d day,'' fgg* inffy> b? thip^s^ be iQterpire](edi tr^ 

B.3 
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tuff. He had no opportunity of visiting MyggeniKs ; 

but inteiposed beds of trap-tuff, more or less decompps- 

ed, and- of a reddish colour, were frequept ip the other 

islands. The porous stone, No. 16, Sir Greorge likewise 

ponsidersasprobably trap-tuff in a state of decomposition. 

No. 4, we may conclude to be amygdaloid, as the 

celebrated Faroe calcedony occurs chiefly in amygdaloid 

* ■ 
having the same b^sis as the trap-tuff. 

No. 13, Coal. This seems to be of the same na- 
ture with the coal in the Hebrides, described by Pro- 
fessor Jameson, in his Mineralogical Travels *. 

The principal beds of cpftl in the Faroe Islands, how- 
ever, occur in Suderoe, the most southerly of the group, 
as the name implies. Kfear Frestfield, ^r Landt in- 
forms us, " the Iqwest stratum of coal is from a foot and 
a half to two feet in thickness : aboye this is a thip stra^ 
tum of blackish-grey clay interspersed with small stripes 
of coal : the uppermost stratpm of coal, is laminated 
(bituminous wood ?), and seven inches in tliickness : 
over this, lies a second stratum of the blackish*grey 
play, with small stripes of coal. The whole of these 
dip to the north-east^ with the other rocks.*" 

In Sir George Mackenzie'*s collection, J. have seep 
pieces of the Faroe coal, which were sent to him from 
Suderoe, together with specimens of the rock' which 
pccurs immediately above and below the coal. The 
coal includes the brown-cpal and pitch-ceal of Werner; 
and the accompanying ^ock seems to be greenstone, 
and Sir George received' from the same place, speci- 
mens of bituminous wood. 

■ d . I ■ ■ ■ ■■■■- I ■ 1 1 II IP 

f Vol. i. p. gl4— 221. ; and voL it p. 7ft— B7* 
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The co^^ of Faroe, tJierefore, would appear to be« 
long to the second coai formatjum of Werner, or that 
which i^ subordinate to the newest floet2-trap. 

I ca9ito( help expressing mj regret^ that our very 
intelligent Scottish travellers, Sir Greorge Mackenzie 
and Mr Allan, had n.o opportunity of examining eithel^ 
Myggenaes pr Sude^e, whi<ih are exposed islands, not 
easily approached in blowing weather, but which are 
the only places in Faroe where coal is known to occur ; 
more especially as their examination of several of the 
other islan(ds seems ttp have led them to conclude, that 
the Faroe trap-rocks in general are of igneous origin *• 
It may be proper to add, that Sir George Mackenzie 
brought from Nalsoe and other parts of Faroe, and has 
deposited in the cabinet of the Boyal Society of Edin* 
burgh, some curious specimens, having the twisted or 
|t>pe-like aspect described by Daubuisson as occurring in 
Auvergne, and which he has expressed by the name 
scories pordees -f-. T,. 



<^t^^»» V^^>%» »<• »!%»» 



Note S.— <p. 141,) 

AUematiqn ofBasaU wkh Limesione, Sandstone, and Wacke. 

The alternation of basalt with limestone, sandstone, 
and wacke, in the island of £igg, one of the Hebrides, 
is described by Mr Jamesop in the Sd vol. of his Mi- 
lieralogical Travels, 

r4 

^ Transactions of the Royal Society of Edinburgh, voL yji, 
t Joumql d€ Pfysiyne^ vqL tviU* 



f < 'The rocks which skirt the eastern part of the idand. 
ave very high, forming cliffs, and so well exposed, that 
we can observe in the most distinct manner the supeiy 
position, or the order and nature of the beds which com- 
pose them, from the surface of the sea to their summit. 

•These beds are nearly horizontal, and proceed from 
below, upwards, in the following order 2 

|. Shistose-clay ; a few inches thick, and contain^ 

ing well preserved shells. 
3. Compact limestpne : a very thin bed. 

3. Shistose-^lay : about ten inches thick. 

4. Compact bl\ie limestone : con|;aining shells, and of 

the same thickness as the preceding bed. 

5. ShistosC'Clajf. 
IS. BasQlt. 

7. Fibrous limestone : (l^in, and imp]!regnated witi{ 

bitumipous mat^. 

8. Basalt, 

9. Argillaceous sandstone: this sandstone consti- 

tutes an enormous bed, in which are contain- 
ed several beds of basalt, from four inches tq 
several feet thipk : many impressions of shells 
occur in t|ie sandstone. 

10. Basalt in columns ; forming a very thick bed. 

11. Wacke ; constituting a vast bed, and frequent- 

ly containing fine crystallizations of zeolite. 
13. JRed^wacke ^ in a very thin bed. 
13. Basalt y forming a great bed* 

All these beds are traversed in several places, by veins 
pf basalt.*" — Mincralogical Travels^ &c. 4to. voL ij. 
pp. 36-r-40. 
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I again put the question, Whether these beds of ba- 
salt, some of which are only a few indies in thicknessji 
and alternate with sandstone containing petrifactions^ 
can possibly be considered as the remains of streams cf 
iara ? 



Note T.— (p. 142.) 

BasaJi aUemating with SheUy Limestone. 

It may be proper to give Dolomieu'^s own accoui^t of 
the appearances here alluded to, as detailed in the 
Journal de Physique, vol. xxxvii. 

<< On the sides of the granitic hills of Auvergne, the 
lav^ alternate with calcareous rocks containing im>* 
pressions of shells, and are often covered by such rocks. 
In the Vicentin and the Tyrol, there are calcareous 
mountains, composed of horizontal beds, to tlie height 
of more than 400 fathoms ; and in some instances twen- 
ty beds of lava, may be observed alternating with as 
many layers of calcareous matter. — In Sicily, likewise, 
about twenty regular alternations of beds of volcanic 
rock and of limestone may be seen, uniting to form con* 
siderable mountains.*" 

I think myself entitled to regard as basalt, the sub- 
stances which Dolomieu calls lavas and volcanic rocks, 
because lie unifc^rmly gives such names ta true ba- 
isalt; and indeed^ froj^whafc. we )akow ^i^enugi^ 
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tb^ localities of tbese rotokn, they must be :coi|8idered as 
hualt* Furdier^ it was wlule Dploitileu was makibg 
\m earliest obi^rvations, tiiat he saw in Italy the iqp« 
pearances here described. The Sicilian natiu^alists are 
in use. to talk of all black mineral substances as volcanic 
productions i and it seems nowise improbable, that^ at 
that early period^ the comparatively inexperienced 
Pplomieu might implicitly ^opt their upmenclatuf e. 



■i>^>^>%^^^»%^>%«»*^ 



Note u. — (p, 150.) 

Puys qf Auvergneani Vivarais* 

Mr Di^uBuissoN states in the. introduction to bis 
Memoir, that while he is satisfied thfit the basalts of 
Saxony have had an aqueous prigin, he <^ does not pre- 
tend to decide the question as \o basalt in genetal*.^ 
It must be confessed, however, that, towards the con« 
elusion f , he discovers an incliuiatipn to generldize the 
the neptunian doctrines, although this is done only in 
|;he way of conjecture, and with great modesty. It 
was, therefore, recommended to him by the National 
Institute^, (several active memb^ of which are 



* Introduction^ p. 8. 

f Antedf pp. 154. and 167* 

X Report to the Institute^ by KtM. Bc^iy end figinon^ 
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Iceen Volcaiiists,) to visit the range of conical hills ii|' 
Auvergne and Yivarais, and the extensive basaltic 
rocks which accompany tl^sm. He had already ex- 
pressed a yrUh to undertake such a tabk *, and accord« 
ingly accomplishjsd this mineralpgical tour in the year 
1804; travelling, as he had dope in Saxony, on fbcit*» 
with his hammer in his hand, and Without any guide* 
but a mslp and a compass. 

The result of his investigations seems to have been # 
conviction, that the basaltic rocks of Auvergne are really 
of igneous origin;— in short, that the puy$ of that 
country are extinct volciinoes, and that the rocks ii| 
question are the lavas which flowed from them. While, 
however, he establishes the volcanic character of the 
basaltic lava of Auvergne, he is very far from inti- 
mating any change' of opinion concemmg the aqueous 
origin of the basalt. SLXii greenstone of the north of Ger- 
many. This seems to be the state of the fact» as may be 
gathered from an abstract, published in the. JouvtulI dt 
Physique f , of a paper which he i^d l^fbre the Insti-* 
tute, on Returning from his journey. 

This paper, we are told, wa:^ divided into five sec- 
tions. In the 1st, he gave an kiccdunt of the minera- 
logical structure of the province : iii the 2d, he describ- 
ed the chain of puys or conical hills, about sixty in 
number: the 3d. and 4th contained descriptions of 
Mont Dor, and C'antal, lofty mountains differing re- 



♦ Suprd, p. 150- 

t Vfl. Iviii^ for 1804j p. 310 ; also p. 429. 
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markablj in cbaracter from the smaller hills ; and, in 
the last section, the author drew a comparison between 
the basalts of Saxony and those of Auvergne. 

It unfortunately happens, that on this last section^ 
(the most interesting in this place,) the abstract in the 
Journal de Physique is much less full and satisfactory, 
than on any of the others. But Mr Daubuisson^s sen- 
timents may be collected from some incidental expres- 
sions : I shall therefore give a condensed account of 
the whole paper, taking notice particularly of these- 
expression^. 

The fundamental rock (soi) of Auvergne, is common 
granite, composed of felspar, quartz, and mica. In the 
western part, it is covered with gneiss and mica-slate, 
containing metallic veins; and^ in some places, with 
greenstone-slate. In the valley of the Allier, limestone 
appears, containing siliceous concretions, and much 
impregnated with bitumen. In the low district, where 
the Alagnon falls into the Allier, a coal country oc- 
curs ; every where else, the granite serves as the im- 
mediate support of the volcanic hills. 

The chain of puys extends for above twenty miles. 
Most of them stand detached. Their form is general- 
ly that of a truncated cone ; their sides are inclined at 
an angle of about 30^ ; and on the^ir summits there is 
generally a cup-like depression or crater, which is some- 
times 200 feet deep. Their general elevation is from 
900 to 1300 feet above the plain : the central and high- 
est, the Fuy de Dome, being near 2000 feet. 

The substances which chiefly compose these hills, are 
([escribed under the titles of Spongy Scorise, which are 
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oft^h of a bright red colour; Twisted or rope-likd 
■corue, (scones cordies) ; Lapillo^ or volcanic gravel ; 
Vesicular or blistered lavas (laves boursoufflks) ; and 
Basaltic lava^ (lave basaltique.J In most cases these 
substances are confusedly heaped together-; but the 
Puy de D6me^ and two or three others, form excep* 
Uons. 

The sides of most of die puys are covered with her- 
bage and brushwood'; a few are wooded. On the top^ 
as already mentioned^ is generally found a crater, which 
is sometimes broken down on the side from which the. 
lava had flowed. One of the most perfect examples, ii 
the Puy de Fariott ; and Mr Daubuisson'^s description 
of this is given at full length in the Journal. Its cra- 
ter is so entire, and so nicely formed, that it appears as 
if << turned on a loom C and the stream of lava, 800 
feet broad,- is observed, after having flowed for some 
way, to divide into two, the smaller currents then ma- 
king their way to the low grounds in different direc* 
tions, to the distance of four or five miles. These lava 
streams receive the general denomination of cheires 
from the inhabitants of the country. They commonly 
form a most barren and ungrateful soil: the cheire 
that proceeds from the Puy de Come, is so remai*kable 
for its sterility, that it is called Cheire de Paumone. 

The surface of the lava is generally blistered and ex^ 
tremely rough, some of the asperities projecting several 
feet. An idea of the roughness of its surface may be 
formed, by supposing it to resemble that of melted lead 
poured into water. The interior of the lava is of 
a greyish-black colour, of a fine compact grain, hard^ 
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hntiitf and frangible, differing firom common iiasalt in 
these last characters. It contains eiystak of augit^ 
and of felspar^ the latter haying a vitreous aspect, and 
rarely grains of olivine. The lava ^f the Poy de la 
Vache, howeveF^ very much fesembtes^ common basalt. 
It is vesicular at Uie surface, but fine-grained or coin^ 
pact in the interior or at the bottom. 

The cheire of Voltic, is in soiile respects an excep- 
tion. Its substance b of a lights colour, and so 
soft, that it is easily, worked. Quarries haye there- 
fore been opened in it,* and- it affords a pretty good 
building inateriaL It eont«ns' ^ietes of quartii 
altered by the heat; and the waHs of -the cavities 
which occur in it^ are set vrjth spangles of tplscu- 
iar iron-ore. This cheire ' of ¥olvi6 had evid^tly 
flowed from the pliy of Nugere. A spectatcnr standing 
on the summit of this hill, iias a distinct view of the 
stream of lava Which had issued from the crater beside 
him. He perceives that, m descteding td the low 
ground, it had spread over a large basin, bounded by 
rocks of granite, and had surrounded some detached 
rocks which interrupted its progress. The tops of 
these detached granite rocks, are seen rising above the 
surface of this lake of lata. 

^* When I thus perceived (says Mr Daubuisson) that 
these lava streams had avoided obstacles, and obeyed all 
the laws of hydrodynamics, I could not help reflecting^ 
that if the infringement of these laWs by the basalts of 
Saxony had formerly influenced my opinion against ad^ 
mitting their igneous formation, the exact obeying at 
the same laws in this case, ought to produce an opfO^ 
site conviction in regard to those of Auvergne^ 
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it appears ther^ore, as already mentioned, that if Mr 
Daubuisson was fohnetly inclined, from analogy, to ecHi- 
aidernU^basalts as of aqueous origin, he has in so far alter- 
«d his Yiew9^ that he now excepts iiose ofAuvergne. This 
seems to be the extent of any change of sentiment; andit 
b without reason that some incautious writers have st^ 
ted-, that Mir Baiibuisson has ehtirely altered his opiniotk 
•eoficemliig the origin <>fbasflilt m general. Hi^ opinion^ 
stated in the most faTourable way for* the Vokanistil, 
inay be supposed to amount to this, That a substance 
nearly identical in charsicter and nature, may have been 
produced either from fusion or from solution. He de- 
clares that some of the *^ laves hasaliiquts^ or ^^ laves de 
naiurt basaltique^ of Auvergne, bear the most striking 
resemblance to the ^ hasalte ordinaire" of Grermany ; but 
it may be remarked, that even the difference of nomen- 
clature indicates that he considered them as of dijBTerent 
origin. 

Mr Pf)ubuisso^ s^e^ns perfectly aware of the difficulty 
of acpoi|||t^ig for the production of l^va in a granite 
country, ai^ wl^ei^ the voleaii^ hU^^ ^^^ immediate- 
ly oil the granite. The gtoiute^t^lf could not afford 
the l«va ; for this conta^, from 1$ to 30 per cent, of 
iron; while the gri^ite cpnt^n?. scarcely any. The 
rocks which afforded the lava, must therefore neces- 
aarily be situated heipyr th^ gr^te* Yet the granite 
is, in iKome of th? valleys, 4|h9tfr^^4 ^^ he lAore than 
1300 feet thick. 

Caloric must, in one way or other, have produced 
the fusion of the rocks, and raised the lavas to the cra- 
ters; but how that caloric was generated, where no 
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tftore of c(^ or other inflammable matter could exist/ 
is a very difficult problem. 

The lavas of Auvergne, Mr Daubuisson remarks, are 
of a date more remote than human history or tradi- 
tion ; jet they are recent in comparison with the great 
revolutions which the surface of the earth has under- 
gone. They must, for example, have been subsequent 
to the excavation of the valleys ; for they flowed inta 
these, and occupied the lowest parts of them. T. 



«* 



Note X.— (p. 168.) 

Fotcanic Theory qfDciamieu. 

A concise but distind; account of his peculiar views 
Was given by D6lomieu in one of the latest of his pA- 
pers, read before the Instittrte in 1T97 *• 

He supposes that the globe of the Earth ii^ hblloif . 
Its interior contains a sort of matter wl^ich is constant^ 
In the state of a viscid paste. On this the inhabited laihi 
rests. The sdftness of thie matter, if it is owing to heat, 
does not depend cte heat of the nature of that jM'oduced 
hi our furnaces. If dM;# f assists in' the operation/ it 
must be by means of a certain something which tends 
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to separate th^ particles, and to enable them to slide on 
each other, — a vehicle of fluidity different from caloric. 
The volcanic agents are elastic fluids, which raise up 
this soft matter, and, piercing the crust of the globe, 
place it on the surface. The matter does not under- 
go igiieous fusion excepting when it happens to come 
in contact with the atmospheric air. Portions of this 
viscid paste, thus ratised up by the disengagement of 
elastic fluids, have in various places spread themselves 
on the surface of the earth, and form basaltes of diffe- 
rent kinds. — Such is the hypothesis of Dolomieu. 

We majr remark, that his opinion, far from being fa- 
vourable to the doctrine of those who regard everv ba- 
saltic mountain as an ancient volcano, strongly mili- 
tates against it ; for we see that Dolomieu, who had 
so carefully investigated volcanoes, and basaltes, felt 
himself obliged to abandon that doctrine, and to adopt 
the hypothesis now stated. 

Dolomieu'^s opinion is liable to various strong objec- 
tions. 

1. That the globe of the earth is hollow, and that iti 
centre is in a fluid or semi-fluid state, are gratuitous 
suppositions, not even rendered probable by any obser- 
vations of philosophers. 

2. Caloric is the only means known in nature by 
which stony substances can be held in a state of fluidity 
analogous to fusion. Any different, tliough similar 
agent, or even any modification of caloric, is quite 
unknown to us, and cannot be admitted. 

3. Supposing the disengagement of elastic fluids from 
the soft matter in the centre of the globe, to produce 
an expansive force sufficient to overcome the resbtancie 
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offered by the thick and solid crust, the effect must 
liave been a vast rending of the crust, the parts whic\i 
opposed least resistance being shattered and dispersed. 
Certainly these fluids would not escape by mere augn 
holes ! — ^for I may be pardoned such a comparison 
when the trifling openings through which volcanic enip 
tions take place, are compared with the extent of th< 
iEarth'^s surface. 

4. To produce an eruption by a new opening,— a 
once to burst the crust of the earth, and to propel th< 
viscid paste,— -the expansive force must be mighty in- 
deed. It may well be asked if the equilibrium would 
be re-established by the emission of some thousand 
cubic yards of lava ; for an eruption of Vesuvius or 
Etna produces no more. 

All nature may seem on fire to the eyes of the mat 
who has fled for his life before a current of red-hot la 
va, and his imagination will for a long time presem 
lum with nothing but burning mountains. But, to tb( 
dispassionate observer, who coolly surveys the surface oi 
pur globe, Etna, Vesuvius, and all the volcanoes,— nay 
jail the basaltes that are known, taken together,— are 
mere trifles, bearing an infinitely small proportion tc 
the whole mass of our planet. The products are no^ 
wise proportioned to the vastness of the cause invented 
to account for them. 

Without insisting qn many objections which might 
be urged against the hypothesis of Dolomieu, I shal 
only remark, tjiat the important influence which he as 
signs to volcanic eruptions, and which one would thinl 
must every moment threaten the very being of oui 
globe, seems only to have been exeited on a single oc 
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£aslon, — long after the surface of the earth had acquir- 
ed its general configuration, and after organic beings 
had begun to exist ; for basalt is almost always found 
above the other rocks, and it there appears in detached 
portions, like the broken remains of a vast bed. It of- 
ten rests on alluvial soil, on coal, and on limestone con- 
taining shells. It is true that basaltic rocks are some- 
times observed covered by other mineral substances ; 
but sucb instances are rare, and the covering beds are 
either sandstone or limestone of the newest formation ; 
and their occupying this position in regard to basalt, 
does not necessarily imply that the basalt must be of 
great antiquity. 

Dolomieu appears to have held, that the fire of vol- 
canoes, or the level of the fluid matter which by its 
eruptions forms lavas, must be at a great depth below 
the surface of the earth. The observation of the depth 
of the furnace in actual volcanoes, never could have led 
him to such a conclusion. Spallanzani, in the first volume 
of his Travels in the Two Sicilies, mentions his having 
stood on the brink of the crater of Etna, and been able 
distinctly to discern the^matter in fusion at the bottom of 
the abyss, at the depth of about 270 yards, or the sixth 
part of a mile : " I can affirm, (he says,) that I dis- 
tinctly saw a red-hot liquid matter, having a slight un- 
dulatory and boiling motion. Stones thrown upon it, 
produced that kind of noise which indicated a viscid 
paste.'' Tlie volcano, it will be observed, was then in 
a state of rest ; and we here find the level of the fluid 
matter contained in the volcanic caverns, to be 900 feet 
below the summit of a mountain, which rises 9000 feet 
above the level of the sea, and not less than 6000 above 
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the low grounds at its base. It is evident, therefdre^ 
that the volcanic furnace here exists in the body of 
£tna itself, and not at a great depth in the interior of 
the earth. 

Dolomieu, however, may after all have been led to 
his conclusion by a strictly logical deduction, though 
it here proves erroneous. Basalt in all countries 
has very much the same character and appearance; 
it is almost the only substance which has, in diffe- 
rent countries, been considered as a lava. If the ba- 
salts of different countries, therefore, be really vol- 
canic productions, the fires of these volcanoes must 
all have been situated in the same kind of rock or ma- 
terial. But we know of no such general rock or ma- 
terial ; and the numerous fragments of limestone, and 
the garnets, hornblende, augite, &c. found among the 
ejected masses, sufficiently shew that the volcanic fires 
are really situated in rocks perfectly analogous to those 
with which we are familiar. 
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